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Introduction 

Environment Ontario holds its annual Technology Transfer 
Conference to report and publicize the progress made on 
Ministry-funded projects. These studies are carried out 
in Ontario Universities and by private research 
organizations and companies. 

The papers presented at the Environmental Research: 1991 
Technology Transfer Conference are published in two 
volumes of conference proceedings corresponding to the 
following sessions: 

VOLUME r: FEATURE PRESENTATIONS 

ENVIRONMENTAL TRANSPORT AND FATE 
ENVIRONMENTAL EFFECTS 
ENVIRONMENTAL MANAGEMENT OPTIONS 

VOLUME II: FEATURE PRESENTATIONS 

EMISSIONS AND EFFLUENTS 
ENVIRONMENTAL TECHNOLOGIES PROGRAM 
PREVENTION, TREATMENT 

AND REMEDIATION 
TECHNOLOGIES/ BIOTECHNOLOGY 

Volume II is comprised of presentations given during 
Session D, Session E, Session F and Session G of the 
conference, as well as all Feature Presentations. 

For reference purposes, indices for all sessions may be 
found at the front of both volumes. 

For further information on any of the papers, please 
contact either the authors or the Research and Technology 
Branch at (416) 323-4649 or 323-4573 

Acknowledgments 

The Conference Committee would like to thank the authors 
for their valuable contributions to environmental research 
in Ontario. 

Disclaimer 

The views and ideas expressed in these papers are those of 
the authors and do not necessarily reflect the views and 
policies of Environment Ontario, nor does mention of trade 
names or commercial products constitute endorsement or 
recommendation for use. 
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Environmental Transport and Human Exposure: 
A Multimedia Approach in Health-Risk Policy 

Thomas E. McKone 

University of California 

Lawrence Livermore National Laboratory 
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Livermore, CA 94550 
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Introduction 

In his treatise Air, Water, and Places, the ancient-Greek physician Hippocrates 
demonstrated that the appearance of disease in human populations is influenced by 
the quality of air, water, and food; the topography of the land; and general living 
habits. This approach is still relevant and, indeed, the cornerstone of modern efforts 
to relate public health to environmental factors. What has changed is the precision 
with which we can measure and model these long-held relationships. Today, 
environmental scientists recognize that plants, animals, and humans encounter 
environmental contaminants via complex transfers through air, water, and food 
and use multimedia models to evaluate these transfers, In this talk, 1 explore the 
use of multimedia models both to examine pollution (rends and as a basis for 
characterizing human health risks and ecological risks. The strengths and 
weaknesses of the approach are discussed. 

1 begin with a review of multimedia models — how they came about and 
where they are going. I highlight areas of success, areas of weakness, and areas that 
need much more work — such as plant-soil-air modelling. Next, I look at recent 
efforts to integrate multimedia models with exposure models to develop a more 
complete picture of human exposure to environmental contaminants. This is 
followed some ideas about the formal treatment of uncertainty in multimedia 
models and how this could bring about a better understanding of their precision and 
accuracy. Finally, I will discuss some new directions for multimedia model 
research. 

Multimedia Models 

Efforts to assess human exposure from multiple media are not particularly 
new. The need to assess human exposure to global fallout in the 1950's led rapidly 
to a framework that included transport both through and among air, soil, surface 
water, vegetation, and food chains. Efforts to apply such a framework to 
nonradioactive organic and inorganic toxic chemicals have been more recent and 
have not as yet achieved the level of sophistication extant in the radioecology field. 

The first widely used multimedia compartment models for organic chemicals 
were the "fugacity" models developed by Mackay (1979, 1991) and Mackay and 
Paterson (1981, 1982). Cohen and Ryan (1985) introduced the concept of the 



multimedia compartment model as a screening tool with the MCM model. At the 
Lawrence Livermore National Laboratory (LLNL), we have developed a multimedia 
screening model, called GEOTOX (McKone and Layton, 1986), which was one of the 
earliest multimedia models to explicitly address human exposure for 
nonradioactive contaminants. 

In a multimedia model we lump major components of the environment into 
homogeneous subsystems or compartments that can exchange mass with other 
adjacent compartments. Quantities, concentrations, or fugacities within 
compartments are described by a set of linear, coupled, first-order differential 
equations, which can be solved under steady-state or dynamic conditions. A 
compartment is described by its total mass, total volume, solid-phase mass, liquid- 
phase mass, and gas-phase mass. Mass flows among compartments include solid- 
phase flows, such as dust suspension or deposition, and liquid-phase flows, such as 
surface run-off and ground-water recharge. The transport of individual chemical 
species among compartments occurs by diffusion and advection at the compartment 
boundaries. Each chemical species is assumed to be in chemical equilibrium among 
the phases within a single compartment. However, there is no requirement for 
equilibrium between adjacent compartments. Decay and transformation processes 
(such as radioactive decay, photolysis, biodegradation, etc.) are treated as first-order, 
irreversible removals. The compartment structure we are using for assessing the 
regional impacts of toxic substances in air, water, and soil is illustrated in Figure 1. 




Sediment 



Leaching to ground water 



Figure 1. An illustration of mass exchange processes modeled in a seven- 
compartment environmental transport and transformation model. 



Multiple Pathway Exposures 

Human exposures to environmental contaminants result from contact with 
contaminated soils, water, air, and food as well as with drugs and consumer 
products. The extent of such exposures depends on (1) human factors and (2) the 
concentrations of a chemical in contact media. Human factors include alt 
behavioral, sociological, and physiological characteristics of an individual that 
directly or indirectly affect his or her contact with the substances of concern. The 
principal output of an exposure assessment is a quantitative estimate of contact, 
expressed as mass of chemical per kg body weight per day. Exposures should be 
estimated for specific routes (i.e., inhalation, ingestion, and dermal uptake) because 
route-specific uptake, distribution, and metabolism are accounted for in 
pharmacokinetic models that could be used in risk assessments. 

An early approach for systematically assessing multiple pathway exposures to 
nonradioactive environmental contaminants is the exposure commitment method 
(ECM) (Bennett, 1981). Exposure commitments (i.e., contaminant concentration in 
human tissue) are calculated from transfer factors that are the ratios of the steady- 
State concentrations of contaminants in the compartments of an exposure pathway. 
An exposure commitment is determined by multiplying the transfer factors of a 
given pathway, for example, air — >plants — >livestock — >diet. This method has 
been applied to organic chemicals and metals. Applications of the ECM are 
retrospective and depend on measured concentrations of the substances in the 
different compartments to estimate transfer factors. 

McKone and Daniels (1991) have developed an approach that explicitly allows 
for the estimation of exposures to a substance based on either measured or predicted 
concentrations of the substance in contact media. Pathway-exposure factors (PEFs) 
are used to link chemical concentrations in multiple environmental media to 
human exposure by route — inhalation, ingestion, uptake. Specifically, each PEF 
numerically translates a chemical concentration in each of the primary 
environmental media (air, water, and soil) into exposure rates (in mg/kg-d) for each 
route of exposure. Incorporated into each PEF is information on human physiology 
and life style, as well as data describing pollutant behavior in food chains or in 
microenvironments, such as indoor air. In contrast to the ECM, this approach is 
prospective. This type of prospective approach has been used by Chetty (1991) to 
assess the impacts of benzene and pyrene in the Los Angeles basin. 

Uncertainties 

At best, mathematical models only approximate real systems, and therefore 
their predictions are inherently uncertain. The need to address human exposure in 
a multimedia framework brings with it a need to characterize the uncertainty in 
human exposure models and the combined uncertainty in exposure and 
dose/response models. In characterizing uncertainty in exposure models, three key 
issues should be considered: (1) uncertainty in predicting the relationship between 
sources of contaminants and concentrations in the accessible environment; 
(2) uncertainty in quantifying pathway-exposure factors (PEFs) that relate 
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environmental concentrations to levels of exposure; and (3) the important 
contributions to the combined uncertainty in environmental dispersion and 
pathway-exposure factors. 

Future Directions 

In their efforts to construct new multimedia-exposure models, 
environmental scientists should recognize the importance of being both 
comprehensive and realistic in developing exposure scenarios. In addition to an 
emphasis on comprehensive human exposure modelling and formal treatment of 
uncertainties, there are four other areas that, I believe, will be important for the 
future of multimedia models — (1) forma! validation studies (2) improved air-plant- 
soil models, (3) ecological risk assessment, and (4) ecological economics. Little real 
progress with multimedia models will occur until there is a coordinated effort to 
validate a multimedia model both with measured data and with other models. The 
recent literature reveals new understanding about the transfer of contaminants 
among soil, air, and terrestrial plants and this information needs to be incorporated 
into the next generation of multimedia models. Also, multimedia models could 
provide valuable input to the process of calculating ecological risk, but so far the 
literature in this area is incomplete. Finally, the newly established field of ecological 
economics (Costanza, 1989), which seeks to address broad-scale relationships 
between ecosystems and economic systems, is an area well-suited match to the 
multimedia approach, but the courtship has yet to begin, 
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Introduction 

Studies of the sources, transport and fate, and effects of the chlorinated dibenzo-p- 
dioxins (dioxins) and dibenzofurans (furans) are among the most difficult in 
environmental research. Central to these investigations are effective analytical 
methods that can quantify ultra-trace concentrations of dioxins/furans in a wide range 
of complex sample types. Developments in science as applied to toxic environmental 
contaminants essentially are the story of the dioxins/furans, as there is a close 
parallel between advances in analytical methods and advances in the environmental 
sciences. Because of the numerous studies of dioxins/furans in air, water, soil, 
industrial emissions, and in human and animal tissue, the dioxins and furans may be 
considered the first chemicals studied as true multimedia contaminants. 



The History of Dioxin and Furan Contamination 

Environmental contaminat ipn episodes. In 1957 millions of broiler chickens in the 
USA died after ingesting toxic compounds in feed fats. It was not until 1966 that 
one of the toxic compounds was identified as 1,2,3,7,8,9-hexachlorodibenzo-p-dioxin 
(1,2,3,7,8,9-H 6 CDD) by x-ray crystallography. In the 1960's attention was focused on 
2,3,7,8-tetrachlorodibenzo-p-dioxin {2,3,7,8-TCDD) produced as a trace side-product in 
the manufacture of chlorophenols. Since chlorophenols were used as starting products 
in the manufacture of a number of industrial chemicals including the widely used 
herbicide 2,4,5-trichlorophenoxyacetic acid (2,4,5-T), 2,3,7,8-TCDD contamination of 
the environment became widespread. Incidents such as the spraying of Agent Orange 
in Vietnam from 1962-1970; the industrial accident at Seveso, Italy in July, 1976; and 
improper waste disposal at many Missouri sites during the early 1970's that resulted 
in the 1982 evacuation of the town of Times Beach, received intensive public scrutiny 
and are now well-documented. The presence of these chemicals in old chemical dump 
sites such as the Love Canal has also been highly publicized, In 1 968 and 1 979, cases 
of human poisoning from accidental ingestion of PCBs occurred in Japan and Taiwan, 



respectively. The presence of some chlorinated dibenzofurans in the PCBs was 
thought to be the principal agent responsible for the adverse health effects observed. 
Other studies showed that furans are formed during the uncontrolled burning of PCBs 
after a series of PCB-filled capacitor fires occurred in several different countries. One 
of the most publicized capacitor fires took place in an office building in Binghamton, 
N.Y. in 1981. Furans are also found in chlorophenols and related industrial chemicals. 
The above issues are all described in references 1-4. 



Other sou rces of dioxins and furans . In 1977 dioxins were found in the fly ash from 
municipal waste incinerators in The Netherlands (5). The following year, this finding 
was confirmed in fly ash from Ontario incinerators (6). In 1979 the New York State 
Department of Health announced the finding of 2,3,7,8-TCDD in two Lake Ontario 
fish. The Ontario Ministry of the Environment (MOE) set up a special laboratory to 
study this issue in October, 1980. By 1981 a data base of a few hundred analyses of 
2,3.7, 8-TCDD in fish was developed separately by Ontario and by New York State. 
Since the finding of 2,3,7,8-TCDD in fish showed that some waterborne route of 
contamination existed, MOE also began testing Lake Ontario surface water and 
drinking water. MOE's detection limits were 10 parts per trillion tppt) in fish and 
lppt in 1L water samples <7). In September, 1985, the U.S. EPA found elevated levels 
of 2,3,7,8-TCDD in a few fish sampled in areas near Pulp & Paper mills. Intensive 
investigations by MOE during 1985-86 confirmed that dioxins and furans were 
contaminants of mills that employed chlorine in the bleaching process (8). In 1989 the 
Ontario petroleum refining industry was found to be a source of dioxins and furans 
during the regeneration of spent catalyst material used in the catalytic reforming 
process (9). Other sources were characterized in the late 1980's. These included 
automobile exhaust (10), metal recovery facilities (11), steel mills (12), and other 
metallurgical industries (13). 

Enough is now known to suspect any combustion process as being a possible source 
of dioxins and furans. This was stated a decade ago by the Dow Chemical Company 
as the 'Trace Chemistries of Fire" hypothesis (14). Little work has been performed 
on natural combustion sources such as forest fires, but a recent MOE study has shown 
that dioxins and furans are formed under forest fire conditions (15). 



Dioxins and Furans as Multimedia Contaminants 

All of the above studios show that humans can be exposed to dioxins and furans from 
air, water, and soil exposure pathways. A recent investigation showed that food 
commodities accounted for up to 95% of the exposure of Ontario residents to these 
chemicals ( 16). However, this exposure only amounted to 23% of the total tolerable 
daily intake {TDD of 2,3,7,8-TCDD (Toxicity Equivalents or TEQ, see below) of 10 
picograms (pg) per kg body weight (kg bw). All routes of exposure must be included 
in any model used to estimate exposure of humans to dioxins and furans. The 
multimedia exposure model used for Ontario has been described (17). 

The basis for the multimedia approach is straightforward: once the maximum 
exposure level for a chemical has been determined, this quantity must be apportioned 
between all routes of exposure to protect human health, in this way, the combined 
exposure permitted by the separate guidelines would not exceed the TD1. Since food 
is the principal exposure pathway for Ontario residents, most of the tolerable daily 
dose would be apportioned to this pathway when determining guidelines. The net 
effect of the dose allocation exercise is that the guidelines set for any one exposure 
pathway will be much lower than if the entire daily tolerable dose was considered. 
The multimedia approach thus provides an effective means to protect human health, 
and in a sense symbolizes the interconnectedness of the ecosystem. The scientific 
advances in multimedia standard setting for the dioxins/furans can be applied to other 
environmental contaminants. 



Challenges in the Analysis of Dioxins 

The need for low de tection limits. There are several reasons why partsper-triltion 
(ppt) and parts-per-quadrillitm (ppq) detection limits are required: 

G the LD 50 for 2,3,7,8-TCDD is about 1.0 Mg/kg bw in the most sensitive 

species 
Q dioxins are hydrophobic and lipophilic, and consequently have high 
bioconcentration factors - therefore low detection limits are required to 
identify and track sources, especially in aquatic systems 

□ for the study of dioxin levels in human and animal tissues, sample sizes 
may be very small 

□ long-term chronic effects from low-level exposures are not well 
understood 
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The need to separate dioxins from other organics in the sample . This task is the most 
challenging and the success with which sample cleanup is performed will determine 
the detection limits, precision, and accuracy that are attained, Since dioxins may be 
present in the final sample extract at low picogram quantities, they may be "swamped 
out" by other organics that are present in quantities thousands of times greater. The 
sophisticated gas chromatograph-mass spectrometer (GC-MS) systems employed for 
the final separation and detection steps of the analysis, although highly selective, 
cannot achieve ppt and ppq detection limits unless presented with a "clean" sample in 
which virtually all other organics have been removed. It should also be remembered 
that highly contaminated samples where dioxin levels may be significant are precisely 
those samples where other chlorinated organic compounds - structurally similar to the 
dioxins and therefore potential interferences - are also likely to be present. 

The need to separate the dioxins from each other . Of the 210 possible chlorinated 
dioxin/furan structures, only 17 are thought to be of toxicological significance. These 
are the ones with chlorine substitution at the 2,3,7 and 8-positions of the basic 
structure. The other "non-toxic" dioxins and furans are therefore interferences for the 
17 "toxic" compounds. Schemes have been developed to relate the relative toxicity of 
each 2,3,7,8-substituted dioxin/furan with that of the most toxic: 2,3,7,8-TCDD. For 
example, octachlorodibenzo-p-dioxin 10CDD) is considered to be 1000 times less toxic 
than 2,3,7,8-TCDD, while 2,3,4,7,8-pentachlorodibenzofuran (2,3,4,7,8-P 5 CDF) is 
thought to be one-half as toxic. Therefore "toxicity equivalent", or TEQ factors can 
be applied to the concentrations of OCDD and 2,3,4,7,8-P 5 CDF in a sample to 
determine their "2,3,7,8-TCDD-toxicity equivalent" concentrations. The OCDD 
concentration is multiplied by 0.001, while the 2,3,4,7,8-P 5 CDF concentration is 
multiplied by 0.5. By doing this for all 17 of the 2,3,7,8-substituted dioxins/furans and 
then summing up the "2.3,7, 8-TCDD-toxicity equivalent" concentrations, a total TEQ 
value is obtained that is very useful for regulatory and risk-assessment activities. 
However, this exercise is only effective if the "toxic" and "non-toxic" dioxins/furans can 
be separated from each other. Since the 210 dioxins/furans are so similar in structure 
to each other, this is not an easy task. 



Dioxin Analysis State-of-the-Art 

The challenges described above, although substantial, have largely been solved. High 
resolution GC-MS systems are available that can routinely detect 100 femtograms or 
less of 2,3,7,8-TCDD. Detection of 10 fg has been reported. Complex cleanup schemes 
have been developed that effectively isolate the dioxins/furans from potential 
chemical interferences in the most difficult sample types. The keys to successful 
cleanup are the number of separation steps employed, and the care and skill provided 
by the analyst. By using a series of gas chromatographic columns, and/or a 
combination of gas chromatography and high performance liquid chromatography, 
definitive separation of all 2,3,7,8-substituted dioxins and furans from all non-toxic 
dioxins/furans is possible. 

Detection limits in real samples of ppt or better have been reported in samples of 
biota (including food) and soils; parts-per-quadrillion levels are routinely attained in 
1L water samples; and detection of 0.01 pg/m 3 dioxin in ambient air is commonplace 
for the best 10-20 laboratories world-wide. A precision of 20-30% relative standard 
deviation (%RSD) for such work is possible if conditions and calibration standards are 
carefully controlled. However, it is not unusual to observe RSDs of 50-100% for dioxin 
in difficult samples when measurements are made near the method detection limit. 



Where Do We Go From Here? 

In a recent NATO survey, over 100 laboratories world-wide were identified that have 
some level of dioxin capability. Just 15 years ago, only about a dozen could make this 
claim. Of course, not all of these laboratories have the same level of expertise. There 
are probably no more than 20 labs who can boast state-of-the-art capability for isomer- 
specific determination of the 17 toxic dioxins/furans in virtually any matrix at ppt to 
ppq concentrations. One thing that even the top labs have not been able to do is to 
reduce the cost of analysis. It is still such a specialized area requiring highly trained 
staff and sophisticated, expensive instrumentation that private tabs charge from 
$1,000 to $2,000 per analysis. Reduced cost for dioxin determinations would allow 
many more determinations to be performed. This would not only benefit 
environmental surveys (more locations monitored) and quality control (more replicates 
and round-robins), but would help multimedia investigations that are very sample- 
intensive (because all exposure pathways must be investigated). 



Some researchers feel that some PCBs exhibit sufficient toxicity that they should be 
included with the 17 toxic dioxins/furans for the calculation of total TEQs. To do this 
would require even lower detection limits for the dioxins and furans. Since PCBs in 
sufficient concentrations are serious interferences for dioxin determinations, including 
some of them in the TEQ calculation would present a difficult challenge. 

In the past 20 years, our knowledge of the formation, transport and fate, effects, and 
remediation of toxic environmental contaminants have greatly advanced because of 
dioxin/furan research. These advances would not have been possible without the 
parallel development of sophisticated analytical methodologies. 
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THE MULTIMEDIA APPROACH AMD POLLUTION PREVENTION: 
WHAT DO WE KNOW? WHAT DO WE NEED TO KNOW? 



OUTLINE 

This paper places the concept of Integrated Environmental Protection 
into the economic literature, reviews the implications of that literature for 
the environmental management, and considers directions for future economic 
research. Special emphasis will be placed on the potential role of 
experimental economics In evaluating environmental policy. 

Introduction 

The theme of this conference is "The Multi-media Approach: Integrated 
Environmental Protection" and the theme of this session is "Environmental 
Management Options*. This paper is intended to place these themes in the 
broader context of the economic literature, to review the Implications of that 
literature for the conference themes, and to consider directions for future 
economic research. Special emphasis will be placed on the potential role of 
experimental economics in evaluating environmental policy. 

It will be useful to define our terms. Environmental Management 
Options are institutions governing the Interaction between the economy and the 
environment. On the one hand we can attempt to prescribe the exact conditions 
and quantities in which industrial, municipal and domestic wastes can be 
discharged to the natural environment. This Is the "command-and-control" 
option often denounced in the economic literature. On the other hand we can 
attempt to manipulate the information people have and the incentives they face 
so as to encourage them to change their interactions with th* natural 
environment. This is the so called "incentive based" option frequently 
advocated in the economics literature. Of course we could attempt some 
mixture of these somewhat opposing approaches. I shall have a considerable 
amount to say about this choice in the middle section of this paper. 

The terms "multi-media approach", "integrated environmental 
protection", and "pollution prevention* are somewhat vaguer. In practice, it 
seems we are using a multi-media approach if ws recognize that any waste 
discharged to any one medium (for example toxic wastes discharged to the air 
during incineration) may eventually wind up In a second medium ( water, for 
example) and possibly reincorporated into human activity through even a third 
medium, such as the fish we eat. We are not using a multi-media approach if 
we speak about air, water, or soil pollution by itself. Thus calling for a 
multl -media approach to environmental protection is effectively a claim that 
exclusive focus on any one of air, land or water is going to lead to important 
errors in public policy. 



"Integrated environmental protection" , it would appear to me , has 
essentially the same content, T take it that our environment is protected in 
an integrated manner If we simultaneously control discharges to air, water and 
land. "Pollution Prevention", on the other hand, seems to refer more to the 
choice between "end-of -pipe treatment" of residuals and process innovations 
designed to reduce residual discharges . 

II Multi -media Approaches in the Context of the Economic Literature 

Stressing integrated environmental protection is consistent with a 
large body of literature in environmental economics. Two strands in the 
literature seem particularly relevant. These are the materials balance 
approach to environmental economics and the rapidly expanding literature on 
economics of sustainable development . 

A The Materials Balance Approach 

The materials balance approach dates back to Kneese and forms the 
introductory portion of all environmental texts. The relationship between the 
economy and the natural environment can be pictured in various ways. The 
natural environment contributed physical materials and Intangible services to 
the human economy. The economy discharges wastes to the natural environment 
where they may affect the original flow of materials and services. All 
materials extracted from the environment are ultimately returned to It as 
residuals. Focus on this fact Immediately leads to the problem of multi-media 
contamination, since the control of discharges to any one medium roust 
necessarily alter discharges to another. 

Recycling and pollution prevention can reduce the residual load placed 
on the environment, but they have labour, capital and natural resource 
requirements themselves. We must select the appropriate level of recycling 
and pollution prevention, while recognizing that reduced demands on the 
environment may have an opportunity cost Is terms of reduced incomes and 
consumption of other goods. 

B The Economics of Sustainable Development 

There Is a large and growing literature on the economics of 
sustainable development. Much progress has been made in giving economic 
content to the idea of sustainable development. Here I wish to argue that 
efficiency should be a central concern of environmental quality management, 
and that It Is too often neglected. In discussing policies for sustainable 
development, the literature also makes useful distinctions among general 
policies with environmental effects, framework policies concerning the 
environment, and issues surrounding project evaluation. 

1 Sustainable Development and Efficiency 
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The literature distinguishes development from economic growth. 
Economic growth involves increases in measured income such as CNF. 
Development refers to indicators of human welfare. It is argued that growth 
cannot be sustainable, but that development can. 

2 Policies for Sustainable Development 

Stimulating work on environmental policy has occurred at all three 
levels. At the level of general policies, new developments in National 
Accounting are leading to the incorporation of depreciation of the Natural 
environment into the national accounts. At the level of environmental policy. 
the great debate concerns the choice between command - and - control regulation 
and incentive based regulation. Discussion of this is postponed to the next 
section. At the level of project evaluation, sensible suggestions have been 
made for the incorporation of environmental concerns, but general practice in 
the field lags far behind. 

III The Choice of Regulatory Regime 

This section focuses on the choice between Command and Control and 
incentive based regulation. The paradox is the great enthusiasm evidenced for 
market based schemes in the Green Plan and elsewhere while the assessments of 
the US market based schemes are surprisingly pessimistic. Several 
explanations for the limited success of these schemes are examined. 

tfe may react to the presence of environmental problems in several 
ways: we may ignore them, we may try to solve them through the private law 
system, or we may try to regulate. In the last case we are faced with the 
choice between command and control and incentive based regulation. The case 
for incentive based regulation seems strong: incentive based regulations 
should minimize the cost of attaining any given level of environmental control 
and should provide strong incentives for the development of new control 
technologies. But the experience in the United States, especially with air 
emissions trading, has been only a modest success. Far fewer trades are made 
than had been expected. Explanations offered include excessive restrictions 
on trades (levels, sequential trades, the need to meet standards mt every 
point (see Merriwell, Atkinson and Tletenberg) , and political difficulties in 
getting the concept accepted. This last literature suggests concerns about 
the income distributional consequences of emission trading schemes is 
important . 

IV The Contribution of Experimental Economics 

This section suggests that some of the difficulties encountered in 
promoting and testing the ideas of incentive based regulation can be answered 
by laboratory experiments. Economics is not usually considered to be an 
experimental science. There is a growing literature, however, that tests the 
effectiveness of economic institutions in a laboratory setting. The 
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systematic examination of Institutions for allocating environmental rights Is 
only beginning. There art, however, a nunber of experiments that show great 
promise. Further work tn this area Is advocated. 



Conclusion 

This paper has attempted to place the themes of environmental 
management options and the mult I - media approach to pollution prevention into 
the context of the economic literature. It has argued that great progress has 
been made Ln suggestions for incorporating environmental concerns Into 
economic decisions, but that practice lies well behind theory. The debate 
between ecnmand-and-control and incentive-based regulation la unresolved. The 
neuly developing field of experimental economics shows substantial promise in 
helping us to understand the nature of the debate. 
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I INTROIHKTION 



Topography, in the form of general slope, isolated hills, or more complex teirain, will alter or divert a dense gas 
cloud or plume. The topography may enhance plume dilution and divert the plume away from regions of elevated 
terrain; or, the dense plume may be channelled into valleys or low-lying areas and men be protected from the 
diluting influence of Uie ambient flow. These important effects are not included in the models currently used to 
predict tie dispersion of a dense gas cloud for risk assessment or emergency management. 

The overall objective of the study is the development of methods for incorporating the effects of topography in 
numerical models of dense gas dispersion. Phase I of the project, reported previously, consists of an extensive review 
of the existing theory and experimental results applicable lo the problem. Phase II of the project consists of the 
development of algorithms for incorporating the effect of topography into integral (box) models of dense gas 
dispersion. This paper outlines the development of algorithms, based on the previous review (Ramsay & Briller 
IWOa. 1990b, 1991a), 

1 ALGORITHM DEVELOPMENT 

Previous publications from this project (Ramsay & Brirter 1990a, 1990b, 1991a} have slown thai it should be 
passible to incorporate ihe effects of topography on dense gas dispersion within lhe box model formulation. These 
results have shown thai these effects can be represented principally by: a modified advec'ion velocity: and, a 
modified entra inmcnl relationship. The treatment of other subsidiary aspects of lhe problem which are also necessary 
10 provide a practical implementation of these ideas is outlined. 

Z.I Relevance of slope 

It is important lo determine whether terrain effects should be considered or not. Fay * Ranch (1983) suggest a 
criterion, for an isolated release, that there will be no slope effect if 

t^^sine (1) 



[his may be rc-written as 

~T«-asi < a > 

where 8 is the slope. This appears lo be a reasonable criterion and might also be applicable lo continuous plume 
releases. 

2.2 Advection Velocity 

It is shown in Ramsay & Briller (1990a, 1991c) thai the KrvcctkM velocity of the drjud is modified by topography. 
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There are two possible approaches to * modified sdrvection velocity relationships in the model: a momentum equation 
approach; and, a modified advedion velocity approach. Each of tbtiw approaches is dismissed in the following 

■pctjeaji, 

2J.1 Momentum Equation Approach 

One possible approach for incorporating the effect of topography is to develop ■ momentum equation for I puff or 
plume. However, it is considered that this would obscure important aspects of the development and interpret! lion 
of the resulting model. 

2.2.2 Modified Advcction Equation Approach 

Analysis ind experimental results indicate that the advcction velocity (for a plume) could be modelled as 

where C is a function of the slope and the last term is the downstope velocity. The coefficient C i& a weak function 
of slope and may be obtained Emm experiment*] results in the absence of any ambient wind. In these cases the flow 
adopts a constant value of 

(4) 



IffJ) 



i/i 



due to a local balance between a downslopc force and retardation due U> skin friction and/or entrainmenl. The 
downslopc velocity U d it given by 

ff ^co 8 e- E+c > 



— -CQSO= f5> 

fd s 1 cane--|BS 1 



Solution of this equation requires and expression for the CDtrahlmenl E. We shall Hie 

aM.2xlO-'6 C) 

for continuous or time-varying releases and Ibe same expression wilh the coefficient 40x10'' for instantaneous 
releases. These entrainment expressions are known to be valid for large (say 6 >5°) slopes and have been used for 
slopes down to 6 xlO' 1 degrees. At small slopes the use of 

* £-c].£f COrfW' 1 (8) 

brings in the explicit dependence of enlminmcju on surface roughness. 

Thus we must solve three equations to determine the en trainmen! E. the downslopc velocity V A and the idvection 
velocity U r 
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We shall use the larger of the estimates of E based cm and the estimate of E baaed on C ff We shall use this result 
in continuous, time-varying and instantaneous relents. Note that this produces a reduced uphill idvection velocity 
and an increased downhill advection velocity. 

13 Modified EnrnhraKnl Equation 

In dealing with rntrainmem we Dote two effects: 

(i) Entrainment dot to the difference between the buoyant downslopc motion and the ambient motion. This 

difference is just C(g' z}" 1 . We appeal here to the basic enUlinmcnl relation from Ellison 4 Turner (1960) 
and others that an additional entrainment velocity 
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where e is the slope in degrees which leads to 

u e «C(ff,f) l/1 (l.2xlO- 1 e> (10) 

should be included for plumes and Ibt same expression whh the coetTicitnt 4.0x10-3 

U t -C(ff„z) '"U.OxlO^e) (11) 



(fl) A change in the surface generated turbulence. This might be expected to depend on the advectkat velocity. 

The proposal beje is to model this using previous entrainment expressions but with u. modified to 

»■ „ * («) 



This is consistent with the small slope expression given above. 

The correlation based on slope alone, U. (i). has, effectively, Included (ii) albeit in an approximate way. 
Consequently we proceed in a manner consistent with the previews analysts and select the larger of the two estimates. 

2.4 Reversing Mows 

It is possible that the combined effect of topography and ambient wind will lead to a situation in which the motion 
of the cloud reverses. This siiuilion is considered below for instantaneous and continuous releases. 

2.4.1 Instantaneous Releases 

These could move downslope and then upslope and this would be handled direclly by the previous algorithms. 



2A£ Continuous Releases 

This case could be bandied directly to allow for the reversing of Iht plume. However, wc note th:i! a Tier the plume 
had reversed ii would be interacting with the downslopc plume. However, the downslope extent is limited hy plume 
widening rather than by dilution. Consequently, the mode] would determine the width at the maximum downslope 
extent and then consider an undiluted, wide plume starting from this position. 

IS Ambient Wind 

When the ambient wind is not normal to the slope the model will consider the downslope velocity 

C(g a 7)^ (13) 

in two components parallel and normal to the wind direction. The along wind component is used as before while 
the across wind component provides a normal velocity, the respective magnitudes providing the plume/puff 
direct ton.£nuTainment would he treated as previously in two parts: and increased surface generated turbulence and 
an explicit slope dependent part. 

2* Wind field determination 

The topography will alter the wind field substantially. Three approaches are possible for estimating the altered wind 
field: 

i'i Estimation of the maximum and minimum changes from analysis and experiment (eg. Britter, Hunt & 

Richards 1984 and others) followed by interpolation. For example, Britter (1982) estimated that for flow 
over a hill of height b and length L (the half length to the half height, is about 25% of the overall length 
of the hill) there will be an increase in the local friction velocity u, by 



u hiuULf (14) 

where U(z) b IBe incident imbknt velocity profile and 



Hi} 



2* (15) 



where k. 

The decrease in u, at (be hill base will be similar, The velocity profile may be determined from the modified u„ z^ 
L, H and \. More sophisticated estimates arc possible. 

ii) Use specific codes (e.g. MS3DJH, FLOWSTAR or MSFD) for wind fields in complex terrain. 

hi) Specific codes might be used for a number of standard cases e.g. plateau to slope, plateau to slope to 

plateau etc, and a simple library formulated. 

We will initially use the first approach. 
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3 RESULTS 

Preliminary results have been obtained using, these algorithms in the GASTAR dense gas dispersion model (Ramsay 
1W0), Figure. 1 shows results for an instantaneous release similar to the Thorney Island trial 15 with no slope, and 
for upslopc and down slope winds on a 5" slope. The radius and the concentrations are plotted as functions of the 
location of the cloud cestoid. The upsiope wind increased the radius of the cloud relative to the no slope case and 
the downslope wind decreased the radius. The concentration was increased relative to the no slope ca.se for a 
downslope wind and decreased for an upsiope wind. Figure 2 shows the results for a release similar to a Thorney 
Island test on a slope of 10° with the wind at 45° to the slope. 

4 CONCLUSIONS 

The results of the first two phases of this project have clearly indicated that the dominant effects of topography csn 
he incorporated within the box model formulation of dense gad dispersion. The approach used involves a modified 
adveclion velocity and a modified entrainmcnl relationship, together with subsidiary conditions required to provide 
a practical implementation of these ideas. 

Preliminary results have shown good agreement between box model predictions using the GASTAR denes gas 
dispersion model and experimental, results. The two remaining phases of this project will further explore the 
implementation of these algorithms in a dense gas dispersion model, for routine risk assessment and emergency 
management use and comparison tests with experimental data and more sophisticated model results. 
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FIGURE 1 The effect of slope on Tfaomey Island trial 15 instantaneous release results, (a) radius (b) centreline 

concentration. 




FIGURE 2 Effect of slope on an instantaneous release similar to the Thomey Island releases on a 10° slope 

witb ambient wind at 45* to the slope. The cloud initially moves down the slope under the 
influence of the negative buoyancy, then dilutes and is driven up the slope by the ambient wind. 
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unKHJCTIOM 

Fecal aoliforms and Escherichia ooli (EC) are routinely used as fecal pollution 
indicators. However, these organisms are found in both human and animal feces 
and therefore cannot be used as indicators of strictly human input. Many 
organisms pathogenic to humans are also found in animals; one example is 
Campylobacter jejuni (Manninen et ai., 1982). Other pathogens, such as the 
hepatitis A virus (Shinhoj, et si. 1980), are human-specific. Since these 
organisms can be transmitted via the fecal-oral route, it is important to be 
able to assess whether the pollution comes from a human or animal source. 

gtreptooogcus faecium subsp. casseliflavus (SC) has been shown in earlier 
work to be present in animal but not in human fecal samples (Seyfried e± al., 
1990) . Studies are currently underway to examine the feasibility of utilizing 
this organism in an EC:SC ratio model to predict the origin of fecal pollution. 

Mossel proposed the use of bifidobacteria as indicators of fecal contamination 
in 1958 {D.A.A. Mossel, Abstr. 7th Int. Congr. Microbiol., 1958, p. 440); 
however, more work is necessary to determine their true potential. In principle. 
Bifidobacterium spp. have all the characteristics of an ideal indicator. For 
example, they are found in high densities in fecal material (Mitsuoka and 
Kaneuchi, 1977); they are incapable of surviving in the oxygenated extraenteral 
environment and therefore show promise as an indicator of recent fecal contamination 
(Oragui, 1982) ; and the possibility of developing a reliable test to determine 
human or animal sources of pollution exists (Cabelli, 1979; Besnick and levin, 
1981) . 
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Our previous studies have shewn that Bifido bacterium spp. and g^ labium 
subsp. casseliflavus can be recovered from sanitary and storm sewers (Seyfried 
St Sli 1990) . Methods are being developed to facilitate the isolation and 
characterization of these organisms and to study their rates of survival. This 
paper reports on a study assessing the use of these organisms to determine the 
impact of wildlife and other types of fecal pollution on the Kelso Conservation 
area, 

METHODS 
Sampling sites 

the nine sampling sites were located on Sixteen Mile Creek in the Kelso 
Conservation area and in the City of Milton. 

Saaple collection 

Surface water samples were collected in sterile battles on a weekly basis. 
The samples were collected between 9:00 a.m. and 12:00 noon because our earlier 
studies showed that incident radiation between noon and 3:00 p.m. on sunny days 
caused a drop in bacterial levels (Seyfried, 1973) . Processing in the lab was 
within 5h of collection. 

Human and animal fecal specimens were also collected for analysis. 

Isolation and characterization Methods 

Escherichia coli 

Samples were filtered through 0.45 - jmi (pore size), 47 - mm - diameter 
type a*-6 membrane filters (Gelman Sciences, Ann Arbor, Michigan) . The filters 
were placed on mTEC medium and incubated in plastic containers with bottles of 
ice at 44.5*C for 24 h. To teat for urease production, the filters were transferred 



to petri dishes containing pads saturated with urea. All yellow colonies were 
counted, after a 15 min incubation, as presumptive E* coli . 

Streptococcus faecium subsp. casseliflayus 

The isolation medium consisted of the m-Enteroccccus agar (Difco) formulation 
without the addition of 2,3,5 - triphenyl tetrazolium chloride. Samples were 
nenfcrane filtered and the filters were placed on the agar surface. Incubation 
was at 37 - c for 48 h. The colonies appeared pale, lemon, or bright yellow in 
colour. For confirmation, filters were placed on plates of nutrient agar with 
2% gelatin. Following incubation at 37 - C for 1.5 h, the filters were removed 
and the plates were flooded with mercuric chloride solution (Mates, 1983) . The 
target colonies are gelatlnase negative as well as xylose and raf finose positive. 
ftrginine hydrolysis and pyruvate tests were carried out on selected isolates. 
Bifidobacterium spp. 

The isolation medium employed was Lactobacillus - MRS (Difco) with 0.03% 
cysteine hydrochloride added. Appropriate dilutions of each sample were spread 
plated onto the agar surface . Plates were incubated at 37 ■ C for 48 h in anaerobic 
jars containing an anaerobic gas pack (BBL 70304) and an indicator strip {BBL 
70504) . Typical bifido colonies appeared procelain white (pearl-like) , opaque, 
mucoid, concave, round, and entire. 

Additional methods used to further classify and speciate the bacteria 
included the F6PPK ( f ructose-6-phosphate phosphoketolase) test (Scardovi, 
1986) and the API Rapid CH test (API Laboratory Products Ltd. , St. Laurent, Quebec) . 
Survival studies 

£i coli C3000 was grown for 24h at 37'C in nutrient broth. A ImL aliquot 
was added to 9 mL phosphate-buffer solution and this diluted culture was then 
placed in a flask with 90 mL of filter-sterilized farm pond water. Incubation 



of each flask was at O'C, room temperature, or 37'C, £*. faecium subsp. 
flavus was grown for 24 h at 37'C in Brain Heart Infusion broth (Difco) and diluted 
into pond water as described for £. coli . Samples were taken weekly and plated 
onto the selective medium noted previously for each organism. 

tssams jh> rasaEsia* 

Ihe analysis of human and animal fecal specimens showed that, in hunans, 
L coli (EC) densities averaged 4.03 x 10 6 per gram. To date, no s. taeclum 
subsp, casseliflavus (SC) has been isolated fron human feces; therefore, the 
calculated EC:SC ratio for human feces would be 4.03 x 10 6 . In comparison, 
analysis of over 30 horse fecal specimens yielded an average of 6.46 x Iff* J^ 
coli per gram and 6.23 x 10* £* faecium subsp. casseliflavus per gram. Thus 
the ratio of BC:SC for horses is close to 1.0. Other animals studied also had 
approximately equal densities of EC and SC. 

Preliminary field studies were conducted in the Kelso Conservation Area to 
assess the feasibility of using the EC:SC ratio as a means of determining 
whether pollution input is of human or animal origin. 

The data obtained from HFI and M2, two of the nine sampling sites shown in 
Fig. 1, are presented here for comparative purposes. the HFI location has 
animal input from wildlife. Racoon and deer feces collected from the area had 
Si faecium subsp. casseliflavus levels ranging from 1.0 x 10 s to 3.B x 10 6 CPU 
per gram. Escherichia coli densities in the fecal specimens ranged from 1.7 x 
10 s to 1.4 x 10 s . The K2 site is representative of human pollution input 
because of outflow from the Milton sewage treatment plant. 



Hilton Falls 




Milton Treatment 

■ Plant 



PIG. 1. Sampling locations on Sixteen Mile Creek. 



Table 1. OGBparison of E^ saU (EC) and E^ facctum subep. caaeeliflavus 
(SC) levels and ratios at the HFT site, which has animal impact, 
and at the K2 sewage treatment plant location. 



Date 
(1991) 



HFI 



EC 



Sampling Site 



SC* 



EC 



K2 



June 25 


141 


: 


11 


(12.8) 


July 2 


122 


: 


29 


(4.2) 


July 9 




ND 






July 16 


400 


: 


24 


(16.7) 


July 23 




ND 






July 30 


1000 


: 


101 


(9.9) 


Aug. 6 




ND 






Aug. 13 


185 




20 


(9.3) 


Aug. 20 




ND 







ND 



11 : 





(11) 


39 r 





(39) 


96 ; 





(96) 


23 : 





(23) 


400 : 





(2400) 


198 : 





(198) 


80 : 


10 


(8) 


20 : 





(20) 



a CFU/1O0 BiL of Ej. Sell and S* cassellflavus 
( ) * Calculated ratio 
ND " Not determined 



As nay be seen from Table 1, apart from one sample collected on August 13, 
no S_i faecium subsp, cassellflavus organisms were isolated from samples collected 
at the main outflow pipe of the Hilton sewage treatment plant. This resulted 
in an average EC:SC ratio of 349.4 at this site which had a major human pollution 
input. The average EC:SC ratio of samples taken from the HFI site, where there 
was a wild animal pollution source, was 10.6. Although the detailed results 
are not presented here, the E£:SC ratios determined for the other sampling 
sites approximated those found at the HFI location. These seven sites received 
input from farm runoff and other animal sources. 



A more precise assessment of the type of animal pollution input would be 
helpful in tracing, for example, runoff from different point sources. To 
determine if it is possible to identify an individual animal source, S, faecium 
subsp. casseliflavus isolates from a variety of animal fecal specimens were 
examined for their colony morphology and biochemical characteristics. Some 
differences between animals were noted. For example, the pigment and colony 
texture varied from a soft, lemon yellow colony for sheep to a bright yellow, 
dry and sticky colony for pigeons. Differences were also noted in the arginine 
hydrolysis and pyruvate reactions as shown in Table 2. 



Table 2. 



Arginine hydrolysis and pyruvate reactions in S. ftwrrhi 
r ^H*ffr 1 j flavus isolates from various animal sources. 



Animal 
Source 



Number of 
isolates 



Arginine 
hydrolysis 



Pyruvate 



Horse 


85 


Pigeon 


7 


Chicken 


24 


Coat 


6 


Goose (domestic) 


18 


Goose (wild) 


13 


Pig 


1 


Turkey 


2 


Cow 


7 


Camel 


1 


Chipmunk 


1 


sheep 


40 



+ (100%) 


- (96.5%) 


+ (100%) 


+ (57.1%) 


+ (1001) 


- (100%) 


+ (iao%) 


- (100%) 


+ (94.41) 


+ (94.4%) 


♦ (100%) 


- (100%) 


+ (100%) 


- (100%) 


+ (100%) 


+ (50%) 




- (50%) 


+ (85.7%) 


- (100%) 


+ (1001) 


- (100%) 


+ (100%) 


- (100%) 


+ (60.0%) 


- (97.5%) 



As may be seen in the Table, the arginine hydrolysis reaction was positive 
in almost all cases. Some variation was observed for the pyruvate reaction and 
this will be investigated further. 

Mundt (1961) reported on the frequent recovery of enterococci from plants. 
Sherman (1937) also suggested that these organisms occur commonly on plants. 
In this study, samples of grass, hay, carrots and lettuce were analyzed and it 
was found that £* faecium subsp. oas ge ].i flavus densities on these plants were 
in the 2.0 x 10' to 1.56 x Iff* CFU per gram range. When the EJC:SC ratios were 
calculated they ranged between 0.005 and 0.05. Although these organisms are 
readily isolated from plants, Mundt concluded that they are only temporary 
residents, disseminated by the action of wind and insects. Since the plant 
EC:SC ratios appear to be very low, their interference in pollution source 
determinations will be minimal. 

The results of the survival studies carried out in farm pond water are 
presented in Table 3. 



Table 3. 



tercent survival of £. coli and S. Jaecium subsp. casseliflavus in 
pond water at varying tT«|Ttri ' i trr- over a two month period. 



Organi sm 
B* coli 



gj faeciua 

subsp. casseliflavus 



Number 








of weeks 


Q^£ 




3T£ 


2 


99.10% 


180.55% 


7.69% 


4 


7.50% 


111.11% 


0.06% 


8 


2.10% 


0.14% 


0.01% 


2 


94 . 25% 


28.89% 


48.12% 


4 


83.91% 


7.33% 


9.37% 


8 


44.83% 


0.60% 


0.68% 



the data showed that E. coli died off more rapidly at 0*C and 37 "C than 
did gi faecjura subsp. casseliflavus . However, at room temperatures ranging 
from 20 to 25°C there was regrowth of Ei coli . Other researchers (Bonde, 1977, 



Eviscn and James, 1973) have shram that £. coli may be able to survive and 
regrow for extended periods in tropical habitats. Carrillo and coworkers 
(1985) , for example, found that E. coli was able to regrow in the Mameyes River 
when the water temperature was 21 to 22X. Although £, faecium subsp. casseliflavus 
survived longer than £,, coU at temperatures of O'C and 37 'C, the regrowth 
phenomenon was not observed. 



Table *■ levels of Bifidobac terium spp. and E, coli per gram of human and 

animal feces. 



CFTJ per gram 
Source Bifi dobacterium spp. £. ooli 



Human 6.31 x 10 7 4.03 x 10 6 

Chicken 1.28 x 10 s 7.09 x 10 7 

Horse 1.56 x 10 5 6.46 x 10 4 

Cow 1.02 x 10 7 2.21 x 10 7 

Pig 2.S7 x 10 6 3.66 X 10 7 

Sheep 3.02 x 10 5 2.67 x 10 8 

Goat 1.16 x 10 7 1.21 x 10 8 

Rabbit 1.55 x 10 6 8.50 X 10 7 

Goose 1.35 x 10 7 1.10 X 10 7 

Turkey 5.17 X 10 8 5.39 X 10 7 

ftJCk 9.28 X 10 7 1.06 X 10 8 



As shown in Table 4, although human feces contain large numbers of bifido- 
bacteria, high levels can also be recovered from domestic and wild animals, 
fleerens (1991) was able to isolate Bifidobacterium spp. from the domestic 
rabbit, horse, chicken, swallow, crow, domestic rat, dog, pig and fox as well. 
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Diet appears to play an important role in bifido colonization, Trovatelli 
and Matteuzzi (1976) studied the numbers and species of bifidobacteria present 
in the rumen of calves fed high-roughage and high-concentrate diets. They 
found that bifidobacteria were not detectable in a 10~ 3 dilution with the 
roughage diet, whereas with the high-carbohydrate concentrate ration their 
numbers were generally in the order of 10 8 to 10 9 per mL of rumen fluid. 
BifigobasterlujD ruminale and fi. qloboaum were the species most frequently isolated. 

Our previous work (Seyfried et aj,., 1990) showed that g. adolescent is and 
Ei breve were the predominant species in human feces and sewage. Carrillo and 
co-workers (1985) also found that a* adolescent is was isolated most frequently 
(83.9% of the 105 isolates) from tropical freshwater samples, followed by fit 
anquiatum (5%), B* lnfantis (5%) and BifldobacitEium spp, (unknown) (1.1%). 

Mara and Qragui (1983) have suggested that sorbitol-fementing bifidobacteria, 
such as fi. adolescentis and EL breve, be used as human fecal pollution indicators. 
This proposal has merit but, due to the fact that Bj adolescentis has been 
isolated from dogs and £* breve from chickens (Seyf ried fit aj . , 1990) , further 
studies are required. 

CtWCXUKICW 

The EC:SC ratio shows promise as a method of indicating human or animal 
sources of pollution. 

Pifift3ft , ""''"ri,',F species are present in high levels in human fecal material 
but high densities also occur in animal feces. More research is needed to 
determine if the species are human or animal specific. 
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CEOCHEM1CAL CHARACTERIZATION OF METAL/PART1CULATE ASSOCIATIONS IN 3 
OOTFAtL TYPES TO THE DON RIVER. L.A. Warren' and A.P. Zimmerman, Department of Zool- 
ogy. University of Toronto, Toronto, Ontario M5S I A I. 

Reductions of suspended solids and metals ire important components in water quality remediation of 
the Toronto Area Watershed, Despite the fact that the majority of metals end up in association with 
particulates, solids reduction will not necessarily lead to trace metal reductions - particularly reduc- 
tions in potentially bioavailable trace metals. Sediment geochemistry is of primary importance in 
determining trace metal partitioning; and depending on which geoehemical fractions are involved (« 
oxides, clays, organics), metals may be bound, only to be released again given changes in system 
chemistry. We have been evaluating trace metal transport by suspended sediments in the Don River 
over the last 3 years. There is a considerable amount of univariate deviation in these results which is 
not surprising given the myriad contaminant sources and the hydrologic regime of the Don However 
multivariate analysis or these data indicate that the geoehemical phase of the particulates combined 
with information on dissolved salts e*. C! and C*'\ explain a large proportion of that variance By 
examining specific types of discharge sources, the relative influence of those sources for in silu river 
patterns of trace metals/suspended sediment associations can be determined. Such a relationship may 
be A means of "fingerprinting* specific discharge sources to the Don. Prioritization of source abate- 
ments and the effectiveness of proposed remedial action plans can then be objectively evaluated We 
are assessing the trace metal/suspended sediment associations of 3 outfall types on the Don (STP 
•residential" and -industrial"). Outfall samples are sited, and metals (Cd, Cu, Zn and Pb) associated 
with 4 operationally defined sediment geoehemical fractions (exchangeable, oxides, organics, and resi- 
state minerals) are extracted, and subsequently analyzed by flame atomic absorption. 
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MONITORING AIR POLLUTION SOURCES (MAPS) 

MAPS Mobile Stack Emissions Monitoring Laboratory 

Al Melanson 

Gary Wong 

Source Assessment & Technology Unit 

Air Resources Branch 

Ontario Ministry of the Environment 

Toronto, Ontario 

THE MAPS Mobile Laboratory (MAPS) is a 10' Orion bus fitted with 
continuous emission monitors and all associated equipment (sample 
conditioners, pumps and transport systems, data acquisition and 
processing systems, etc..) to continuously measure stack gas 
concentrations of oxygen, carbon dioxide, carbon monoxide, 
hydrocarbons, nitrogen oxides, sulfur dioxide, total reduced sulfur 
and hydrogen chloride. External devices to measure other emission 
factors such as opacity, stack temperature, and flow rates are also 
present. 

The MAPS is utili2ed by the Air Resources Branch, Source Assessment 
& Technology Unit to conduct continuous emission measurements at 
stationary sources, perform audits on continuous emission 
monitoring systems, and to provide support to special emission 
characterization studies. The information gathered is essential in 
assessing stack monitoring systems' performance, efficiency of 
emission abatement equipment, and compliance with emission 
standards. 

In the past year, MAPS has conducted source monitoring surveys at 
London Victoria Hospital's Energy from Waste plant to audit the 
performance of their continuous emission monitoring system, took 
part in the Ministry's Recycled Tire/Rubberized Asphalt project by 
providing continuous emission measurements of conventional and 
rubberized asphalt production at two Ontario asphalt plants, and 
assessed compliance with oxygen, total hydrocarbon, and carbon 
monoxide emission standards at the Smithville CWML Decontamination 
Site incinerator. 

In order to meet the needs of its ever expanding mandate, the MAPS 
Mobile Laboratory is continually updated with state-of-the-art 
equipment to increase the unit's versatility, and to assure 
monitoring data accuracy and completeness. The MAPS Mobile 
Laboratory provides an essential service to the Air Resources 
Branch and the Ministry's Regional staff. 



SOURCE CHARACTERIZATION OF EMISSIONS FROM RESIDENTIAL WOOD 
BURNING 

Claude S. Davis' and D.M. Dougherty, Concord Environmental Corporation, 2 
Tlppetl Road, Downsvlew, Ontario, M3H 2V2. 

INTRODUCTION 

The increased use of residential wood combustion in Ontario and several other areas 
of North America has resulted in adverse air quality impacts in some areas- A recent 
literature review ot such impacts and ol the legislative approaches directed at 
minimising such impacts, pointed to the need for the characterization of the organic 
and inorganic components in residential wood stove emissions from typical firewood 
and stoves used in Ontario. The source characterization study will be followed by a 
monitoring program designed to indicate the ambient air quality impacts of residential 
woodburning in selected communities in Ontario. 

Most of the earlier work on source characterization focused on inorganic components 
and organic carbon. Recently, source profile information on organic components 
especially polynuclear aromatic compounds is being determined. The influence of 
stove type, fuel (wood) type and condition, and ot woodstove operating conditions on 
source profiles represent formidable challenges in reliably characterizing source 
profiles. Source testing in the present study was designed to measure emissions 
during steady state burning using three stove commonly used In Ontario and using 
maple, birch and jackpine firewood three of the commonly used firewoods in Ontario. 

This presentation outlines the preliminary results of the source testing of emissions 
from three wood stoves (designated A, B and C) and three types of wood. The 
primary objective of the testing is to obtain source profiles (for organic and inorganic 
species) tor three typical fire woods and wood stoves used in Ontario. Source testing 
was completed in mid-September and preliminary results for the organic components 
analyzed are discussed here. Analytical data tor inorganic species were unavailable 
of the time of writing. 



(ON(ORI) 

!\V1K< >N\IIM\I 



METHODS 

The test facility was located at the University of Waterloo, Department of Mechanical 
Engineering. Well cured and dried firewood obtained from commercial suppliers was 
stored indoors at the test facility, A 4" flue was attached to each stove and the 
exhaust gases were vented through existing exhaust ducts m the laboratory. A 
sampling port was located 2 m from the base of the stove exhaust. A modified 
Ontario Ministry of the Environment (OME) Method 5 sampling train (NAPP Inc. Model 
63) was used to obtain samples of emissions. Standard protocols were established 
to conduct each test to ensure consistent stove operation. For each test, the stove 
was allowed to reach a steady state condition representative of steady burning 
conditions. At least duplicate tests were conducted on each woodstove/wood 
combination. 

All test materials (filters, solvents and sorbents) were analyzed prior to the initiation 
of tests. All target analyte compounds had acceptable blank levels. The sampling train 
consisted of a heat traced probe with a nickel plated stainless steel nozzle, and 
attached thermocouple and pilot tube, After the probe, the gas passes through a 
cyclone, a heated filter holder (glass fibre filter) and a sorbent module containing XAD- 
2 resin. Four impingers are downstream of the sorbent module; the first two impingers 
contained HPLC grade water, the third was empty and the fourth contained silica gel. 
The impingers are followed by a pump, dry gas meter and a calibrated orifice metef. 

Proofs of the sampling train and blank filters also acceptable blank levels for all 
analytes. Single point non-isoWnetic sampling was carried out tor approximately 50 
to 80 minutes to obtain a sample volume of 0.6 to 1 m 3 {dry standard cubic metre 
(DSCM)). The precise sample volume for each run was calculated. Traditional 
measurements throughout the run of flue gas velocity, temperature, volume and 
pressure were made. Since the flow rates from wood stoves are so low, and because 
the majority of particulate emissions occur in the very fine size fraction (< 2.5 \im 
diameter), non-isokinetic sampling was considered adequate for meeting the objectives 
of this study. The particulate fraction was collected on a glass fibre filter and the 
semivolatile organics were collected on XAD-2 resin. Samples of stack gas were 
collected in tedlar bags for analysis of CO and C0 2 . 
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The sampling train was analyzed as three fractions as follows- The rinse from !he 
front half (nozzle, probe liner and cyclone) together with the first three impingers were 
combined and analyzed as the first fraction. The filter (one half) and the resin were 
analyzed separately as the second and third fractions. Each fraction was soxhiet 
extracted in dichloromethane, solvent exchanged in cyclohexane and then extracted 
with toluene and analyzed by GC/MS tor 24 organic species including 16 PAH. The 
filter was analyzed by ICP for 21 elements. 

RESULTS AND DISCUSSION 

The total mass of each component In the sample was calculated by summing the 
masses in each of the three fractions analyzed. There were negligible amounts of 
analyles in the probe rinse and impinger fraction, the majority of the constituents were 
present in the resin. The negligible amount in the probe and impinger fraction 
indicates that most of the organic species are present on the vapour phase and that 
negligible amounts of organics are present in larger particles which would be 
deposited in the probe. 

The concentration of each species was calculated from the total mass and the 
corrected (to standard dry gas volume at 25 "C and 1 atmosphere) sample volume. 
The source profiles are expressed as the ratio of each component relative to the 
concentration of benzo(e)pyrene. 

Within each stove type the profiles were most consistent for the heavier PAHs - 
perylene, indeno(1,2,3,c-d)pyrene, dibenzo(a.h)anthracene. benzo(e) and 
benzo(a)pyrene. The lighter and more volatile PAH (anthracene, fluorene, 
phenanthrene) showed greater variability in their profiles. Stove fl gave most 
consistent results even for the more volatile compounds. 

The profiles tor each wood type showed no major differences suggesting that wood 
types and stove types used have no dramatic influence on the source profiles for the 
components measured in this study. 

CONCLUSIONS AND RECOMMENDATIONS 

More detailed examination of test conditions and analysis of the inorganic data will 
take place before firm conclusions are drawn regarding the influence of stove type and 
wood on the source profiles. 
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1.0 INTRODUCTION 

ECO LOGIC has been conducting research on a method of decontaminating hazardous 
wastes using a patented thermo-chemical reduction process. This process is particularly suitable 
for wastes that are primarily aqueous, such as harbour sediments, landfill leachates and lagoon 
sludges. The research to date has been funded by the National Research Council industrial 
Research Assistance Program, the Defence Industrial Research Program administered by the 
Department of National Defence, the Great Lakes Clean Up Fund, the Ontario Ministry of the 
Environment, the Environmental Technologies Program and ECO LOGIC. 

Research and development has focused on bench-scale testing of surrogate compounds, 
development of a larger lab-scale destructor for testing actual waste samples, and construction 
of a mobile full-scale field unit for materials and component testing. 



2. BACKGROUND 

There is a growing sense of awareness and concern about the state of our environment 
and the lack of appropriate ways of dealing with some of the problems we have created. ECO 
LOGIC was formed in 1986 specifically to address the need for a clean-up tool for one of the 
most difficult problems, that of severely contaminated aqueous wastes such as harbour 
sediments, landfill leachates, and lagoon sludges. A technology that could also address stored 
waste problems such as contaminated soils, contaminated solvents and oils, pesticides, chemical 
warfare agents, and industrial effluents was considered most desirable. The criteria that ECO 
LOGIC used in developing the process included: 

* destruction efficiency 

* possibility of dioxin or furan formation 

* continuous monitoring and process control suitability 

* suitability for aqueous wastes 

* mobility 
•cost 

The patented ECO LOGIC process addresses all of these criteria. It is based on the 
gas-phase thermo-chemical reaction of hydrogen with organic and chlorinated organic 
compounds at elevated temperatures, At 850"C or higher, hydrogen reacts with organic 
compounds in a process known as reduction to produce smaller, lighter hydrocarbons. In the 
case of chlorinated organic compounds, such as polychlorinated biphenyls (PCBs), the products 
of the reaction are primarily methane and hydrogen chloride. This reaction is enhanced by the 
presence of water, which can also act as a reducing agent. Bench-scale testing with 
triehlorobenzene (half of a PCB molecule) has shown that the reduction reaction will achieve 
99.9999% destruction efficiency or better. The first measure of a good destruction technology 
is high destruction efficiency, and the bench-scale testing demonstrated that the ECO LOGIC 
process was capable of this. 



2 -l Thermo-Chemical Reduct ion Reactions 

Figure 1 shows the six principal reduction reactions that occur in the ECO LOGIC 
process. The first is the dechlorination and dismantling of a PCB molecule to produce 
hydrogen chloride and benzene. The second is the reduction of a polyaromatic hydrocarbon 
(PAH) compound, phenanthrene, to produce benzene and ethylene. The third reaction is the 
reduction of a benzene molecule to produce ethylene, and the fourth is the reduction of ethylene 
to produce methane. The fifth reaction is the reduction of straight-chain hydrocarbons to 
produce methane. The sixth reaction is known as the water shift reaction and is not a reduction 
reaction, although it occurs only in a reducing atmosphere. In this reaction, methane and water 
combine to form carbon monoxide and hydrogen. 

All of these reactions occur simultaneously in the ECO LOGIC process, although to 
varying degrees and at various rales. The most efficient and fastest reactions are the 
dechlorination of chlorinated organics and the reduction of multi-ring structures to form 
benzene. The reduction of benzene to ethylene and the reduction of ethylene to methane occur 
at roughly the same rate and conversion efficiency, approximately 99%. Straight-chain 
compounds convert to methane at a higher rate. The result is that about 99% of the organic 
material input to the process is converted lo methane and virtually all the rest is converted as 
far as ethylene or benzene. 

The back reaction from methane in combination with water to form carbon monoxide 
and hydrogen is much less efficient (20-30%) but, nonetheless, very useful. Since hydrogen 
is one of the main costs of operation, reactions which generate hydrogen heip reduce the overall 
cost of the process. Unfortunately, this reaction and the conversion of ethylene to methane are 
both endothermic, so there is an increased energy cost which partially offsets the savings on 
hydrogen. Another hydrogen-producing reaction is the breakdown of methane to form carbon 
and hydrogen. This occurs lo a limited extent depending on the amount of excess hydrogen in 
the reducing atmosphere and the reaction temperature. 
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FIGURE I 
THERMO-CHEMICAL REDUCTION REACTIONS 
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The second criterion for process design was elimination of the possibility of dioxin and 
furan emissions. Because the ECO LOGIC process uses reduction reactions, it is not an 
incineration technology. Incineration processes destroy chlorinated organic wastes by breaking 
contaminant molecules apart with high temperatures and then combining them with oxygen, 
usually from air. A PCB waste first fragments to form chlorobenzenes that can combine with 
oxygen to form dioxins and furans, which are more toxic than the original PCBs. The ECO 
LOGIC process uses hydrogen to produce a reducing atmosphere devoid of free oxygen, and 
thus eliminates the possibility of dioxin or furan formation. 

Other non-chlorinated hazardous organic contaminants, such as PAHs, are also reduced 
by the ECO LOGIC process to smaller, lighter hydrocarbons, primarily methane and ethylene. 
Because of the tendency of the reaction to produce lighter, more volatile gases, the process 
lends itself to continuous monitoring of the destruction efficiency. This satisfied the third 
criterion of process design. ECO LOGIC has purchased a very sophisticated on-line mass 
spectrometer process gas analyser system which is capable of measuring many organic 
chemicals on a continuous basis. It was used for bench-scale and lab- scale testing, and is now 
part of the process control system in the pilot-scale demonstration unit. PCB and PAH 
destruction efficiencies can be measured very quickly by continuously monitoring chlorobenzene 
and benzene concentrations. The information from the mass spectrometer is sent to She process 
controller so that an increase in chlorobenzene or benzene concentration (signalling a decrease 
in PCB or PAH destruction efficiency) halts the input of waste and alerts the operator. 

The fourth measure of a destruction technology is its ability to process aqueous wastes. 
The ECO LOGIC process is suitable for many types of waste, including those with a high 
water content which are very difficult to incinerate. l : or example, water contaminated with 
0.1% (1000 ppm) PCBs can be processed easily with this reaction. The presence of water in 
the waste actually aids in the destruction process since water itself can act as a reducing agent 
to help dismantle the contaminant molecules. 
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The final criteria ECO LOGIC used in designing the process were mobility and cost. 
Because the process is not an incinerator, the reactor does not require a large volume for the 
addition of combustion air. The small reactor size and the capability to recirculate product 
gases from the reaction make the process equipment small enough to be mobile. As well, the 
smaller size reduces the capital cost of the process equipment. The main processing costs are 
for hydrogen, electricity, and personnel. A commercial-scale system processing 100 tonnes per 
day should be capable of operating for a price of approximately $500 per tonne of waste 
processed. This is roughly equivalent to the cost of long-term entombment, with the advantage 
of actually eliminating the problem. 

The research and development required to produce a working pilot-scale model of the 
process proceeded along four fronts. Bench-scale testing proved the chemical reduction 
reactions would work with pure compounds with or without the presence of water, and 
established parameters for residence time, temperature, and appropriate ratios of hydrogen to 
waste. These tests were conducted at a small scale using laboratory glassware and a quartz tube 
furnace as a reactor. A larger lab-scale reactor was used to process 5-10 litre quantities of 
actual waste samples, primarily harbour and lagoon sediment samples. This established the 
capability of the process to deal with actual wastes in complex matrices. During the bench- 
scale and lab-scale work, a third thrust of research was the development of a computer model 
to simulate the operation of a pilot-scale reactor system and to aid in the design of such a 
system. The fourth phase of research was the construction and proof-of -concept testing of the 
pilot-scale reactor system. This phase included materials and component testing for coping with 
a hydrogen- and acid-rich high-temperature reducing atmosphere, and system integrity testing 
to ensure that the system could achieve temperatures, fiowrates and pressures during leak- free 
operation. 

2.2 Pilot-scale Reactor System 

Figure 2 shows a schematic of the reactor designed to accommodate the thermo- 
chemical reduction reaction. A mixture of preheated waste and hydrogen is injected through 
nozzles mounted tangentially near the top of the reactor. The mixture swirls around a central 
ceramic 
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FIGURE 2 

THERMO-CHEMICAL REDUCTION REACTOR 
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tube past glo-bar heaters and is heated to 850"C by the time it passes through the ports at the 
bottom of the ceramic tube. Particulate matter up to 5 mm diameter not entrained in the gas 
stream impacts the hot refractory walls of the reactor, thereby volatilizing any organic matte 
associated with the particulate. That particulate exits out of the reactor bottom to a quench tank, 
while finer particulate entrained in the gas stream flows up the ceramic tube into the exit elbow 
and through the retention zone. The reduction reaction takes place from the bottom of the 
ceramic tube onwards, and lakes less than one second to come to completion 

Figure 3 shows a complete process schematic of the field demonstration unit, which 
operated at Hamilton harbour. Waste liquid and suspended solids were pumped from a small 
storage tank (W) to a heat exchanger vessel (PHV) for preheating to 150*C by a small boiler 
(B), Hot liquid and steam from the watery waste were metered continuously using special 
metering valves (MV) and injected inio the reactor (R) using atomizing nozzles. A mixture of 
hydrogen (H,) and recirculation gas (RG) also entered the reactor near the top after passing 
through a gas-fired heat exchanger (RH), Heavy particulate was removed as grit (G) out the 
bottom to a quench tank and fine particulate and gases passed up the ceramic tube where the 
gas-phase reduction reaction took place. Additional residence time was provided by the 
retention zone elbow and extension pipe prior to the scrubber. Once the gases entered the 
scrubber (S), they were quenched by direct injection of scrubber water spray. Hydrogen 
chloride and fine particulate were removed by contact with the scrubber water as the gases 
passed through the scrubber media. Scrubber water was collected in a lank below via a large 
water-sealed vent that also acted as an emergency pressure relief duct. The scrubber water was 
cooled to 35"C using a heat exchanger fed by cooling water from an evaporative cooler (EC). 
Sludge (SL) and decant water {DWj were the two effluent streams from the scrubber and both 
were held in tanks for batch analysis prior to disposal. 

The gases that left the scrubber consisted primarily of excess hydrogen, reduction 
products such as methane and ethylene, and a small amount of water vapour. Approximately 
95% of this gas was recirculated back into the reactor after reheating to 50CTC, and about 5* 
of the hydrocarbon-rich gas (HC) was used as supplementary fuel in the boiler. The boiler used 
propane (P) as its main fuel to produce steam used in the heat exchanger which preheated the 
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waste to 150"C. The only air emissions were from the boiler in the form of stack gas (SO). 
Since the fuel going into the boiler was very clean and contained no chlorine, emissions from 
the boiler were insignificant. 

The process gas was sampled continuously using an on-line mass spectrometer gas 
analyser system. A sample was drawn form a location just prior to the scrubber through heated 
lines to the analyser. In the case of a process upset where total destruction of hazardous 
organic compounds was not occurring, the on-line mass spectrometer automatically divert all 
gases into a recirculation mode. Under these conditions, no sidestream gas (HC) would be sent 
to the boiler and the waste feed would be curtailed. Recirculation would continue until the 
continuous analysis indicated the reaction was again occurring optimally. During this time, no 
escape of or incineration of chlorinated organic compounds would occur. During the Hamilton 
harbour demonstration program, this safety feature was never called upon, but the on-line mass 
spectrometer proved very useful in evaluating process conditions, changes in feed composition, 
and destruction efficiency. 

The equipment described above was commissioned at Hamilton Harbour on two 43- 
foot drop-deck trailers, A process control trailer containing the on-line mass spectrometer, 
process control system, and other analysis equipment was located near the two process trailers. 
Figure 4 shows a plan view of the pilot-scale reactor system layout as it was set up at Hamilton 
Harbour. The footprint for the entire process was only 20m by 60m. The equipment was 
completely self-contained with its own power generator and water supply. Table 2 lists the 
types of wastes tested at Hamilton Harbour and at bench-scale and lab-scale. 
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PILOT-SCALE REACTOR SYSTEM LAYOUT 
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TABLE 1 

!) Pure Compounds 



(Bench Scale) 

PCB askarel (Aroclor 1254) 

Hexachlorobenzene 

Trichlorobenze 

2,4-D 

Methoxychlor 



2) 



Environmental Wastes 



(Laboratory Scale) 
(1 Kg/hr) 



Hamilton Harbour Sediment (coal tar, PAH, TCB, Fe, Zn) 

Thunder Bay Harbour Sediment (chlorophenols, wood treatment waste) 
Sheboygan Harbour Sediment (POBsl 

(Audited Program by Environment Canada) 



3) Full Scale Testing 

Hamilton Harbour Sediment 



(2 - 5 kg/min) 

(3 - 7 T/day coal tar, PAH. Fe, Zn) 

(3 T/day as above spiked with 1 10 ppm PCBs) 



(Audited Program by Environment Canada and the Ontario 
Ministry of the Environment) 



PROPOSED DEMONSTRATI ON FOR FAIL 1991 



1) US EPA SITE demonstration 



(3 - 5 kg/min) 



Composite mixture of liquid PCB, TCE, DCM, and other chlorinated liquids pumped 
from a municipal landfill. 



30 GENERAL STRATFAY 

ECO LOGIC will enter the market to supply hazardous waste destruction services itself 
with its own machines, and to licence and sell equipment to companies that already supply 
services, or to licence and sell to large chemical producers or users where ownership is 
economically advantageous. The service market is the initial focus in order to demonstrate the 
machine and obtain approvals in jurisdictions where units will be licensed and sold when the 
technology has buyer (versus user) acceptance. 

We would encourage interested parties with organic hazardous waste problems to contact 
our offices in Rockwood and Ann Arbor. Wastes suitable for destruction using the Eco Logic 
process are listed in Table 2. 

This offers potential clients the opportunity to obtain direct information on the 
application of this technology to the resolution of their hazardous waste problems. 

For more information, please do not hesitate to contact: 



Wayland R. Swain, Ph.D. 

Vice President 

U.S. Operations 

ELI Eco Logic International Inc 

2395 Huron Parkway 

Ann Arbor, Michigan U.S.A. 48104 

313-973-2780 



Jim Nash, B.A. 

Manager 

Sales &. Business Development 

ELI Eco Logic International Inc 

143 Dennis Street 

Rockwood, Ontario Canada NOB 2K0 

519-856-9591 



TABLE 2 WASTES SUITABLE FOR nF.S TRUCTION 



CHEMICALS: 

Non-halogenated / halogenated biphenyls 
N on halogenated / halogenated benzenes 
Non-halogenated / halogenated phenols 
Non-halogenated / halogenated cycloalkancs 
Non-halogenated / halogenated alltanes 
Non-halogenated / halogenated dioxins 
Non-halogenated / halogenated dibenzofurans 
Polyaromatic hydrocarbons 



: Note: Halogenated means: Chlorinated 

Brominatcd 
Fluorinated 



TYPICAL WASTES: 

PCBs 

Pulp mill wastes 

Chlorinated solvent waste 

Contaminated coal tars 

Solvent still bottoms 

ChJorophenols / Wood treatment waste 

Pesticide wastes 

Landfill ieachates 

Lagoon bottoms 



El Starr, Cherry, and Vales Sealable Joint Sheet Pile 

SEALABLE JOINT SHEET PILE CUTOFF WALLS FOR PREVENTING 
AND REMEDIATING GROUNDWATER CONTAMINATION 

Robert C. Starr, John A. Cherry, and E, Sam Vales 

Waterloo Centre for Groundwater Research 

University of Waterloo 

Waterloo, Ontario 

N2L 3G1 

INTRODUCTION 

The Institute for Groundwater Research (IGR) at the University of Waterloo is 
developing a new type of steel sheet piling specifically for use as low 
permeability cutoff walls. These walls are used for controlling the migration 
of contaminated groundwater and for enhancing the effectiveness of subsurface 
remedial measures. This new sheet piling differs from conventional sheet 
piling in that it has joints that can be sealed after the wall has been driven 
into the ground, and is known as Waterloo Sealable Joint Sheet Piling or 
SJSP, ~ ~ 



BACKGROUND 

Low permeability cutoff walls are commonly used for minimizing the spread of 
contaminated groundwater at sites such as landfills, waste lagoons, or 
industrial sites that have on site contaminant sources. Cutoff walls 
function as low permeability barriers and slow the rate Of groundwater 
advection. The rate of advection through a wall is directly proportional to 
the permeability and difference in hydraulic head across the wall, and 
inversely proportional to the thickness or the wall. 

There are two wall configurations in profile. Keyed walls extend from ground 
surface into a low permeability layer, such as clay or silt, that ideally is 
continuous across the site. Hanging walls do not extend into a low 
permeability layer at depth. Water can How beneath a hanging wall, so water 
levels must be controlled via pumping wells upstream of the wall to prevent 
advection of contaminated groundwater beneath the wall. However, hanging 
walls can be used effectively without pumping wells or with very little 
pumping for preventing migration of liquids that spread near the water table, 
such as petroleum products, and for preventing migration of soil vapours. 

In plan view, the most effective wall configuration is one that completely 
encircles the zone to be isolated. Non-encircling walls are commonly used, 
but a network of pumping wells for controlling water levels is necessary for 
preventing contaminated groundwater from deflecting around the ends, similar 
to the way that pumping wells are necessary for preventing contaminated 
groundwater from flowing beneath a hanging wall. 

Cutoff walls have long been used in geotechnical applications for minimizing 
the flow of groundwater into excavations and underflow beneath dams and 
levees. Cutoff walls are also used for environmental control purposes, 
typically for either controlling a plume of contaminated groundwater or for 
isolating a source of groundwater contamination. With a growing awareness of 
the limitations of pump- and- treat programs for remediating aquifers (Mackay 
and Cherry, 1989). there is likely to be more emphasis placed on isolating the 
source of contamination as a control means. Cutoff walls are ideally suited 
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for source Isolation. 

Cutoff walls can also be used for enhancing the effectiveness of other site 
remediation techniques. For example, a keyed cutoff wall enclosure was used 
for isolating an area where surfactant flushing was used for removing DNAPL 
from a sandy aquifer (Fountain, 1991). In this application the cutoff wall 
provides hydraulic control, which minimizes adverse effects due to dilution 
and prevents migration of fluids away from the remediation area. Cutoff walls 
can be used for making other remedial techniques feasible. For example, the 
water table inside an encircling wall can be lowered, and vacuum extraction 
used for removing volatile organic liquids from the pores. 

IGR researchers became interested in cutoff wall construction techniques 
because there was a need to Isolate portions of an aquifer for experimental- 
purposes. We were unable to identify a technique that we were confident would 
perform satisfactorily, and that could be economically constructed at the 
relatively small scale required. Compared to the size of a typical cutoff 
wall project, the walls required by IGR were tiny, and mobilization and setup 
costs were a substantial portion of the total eost. Walls of a similar size 
would be very useful for surrounding localized contaminant sources, and for 
installation in a precautionary mode where spills or leaks of hazardous 
materials are likely to occur, such as at liquid storage or transfer 
facilities. Our experience suggests that small installations like these would 
be relatively expensive if constructed using conventional technology, and 
hence would not be likely to be built due to the lack of a cost effective 
technique. However, if a relatively inexpensive, reliable technique for 
constructing cutoff walls at a small scale was available, areas where spills 
Of leaks are likely to occur could be practically isolated. This would 
decrease the incidence of groundwater contamination and the liability arising 
from spills or leaks due to routine operations. 

Starr and Cherry U990) describe a variety of techniques Tut constructing 
cutoff walls. In slurry trench methods, a trench is excavated while being 
kept filled with a suspension of clay and water, which prevents the walls of 
the trench from collapsing. The trench is either backfilled with a mixture of 
native soil and bentonite (a soil bentonite wall), or the slurry is amended 
with Portland cement, which hardens to form a low permeability element (a 
cement bentonite wall). In grouting techniques, a low permeability material 
is injected into r.he ground. Grouting methods include the vibrated beam 
technique, in which a steel beam is driven into the ground to create a cavity 
into which grout is injected as the beam is withdrawn, conventional pressure 
grouting, and jet grouting, in which high velocity jets mix grout with the 
soil surrounding a borehole to form ' soilcrete' columns or panels. Membrane 
walls are formed by inserting a low permeability sheet, typically high density 
polyethylene, into the subsurface. 

Conventional steel sheet piling is sometimes used for making cutoff walls for 
environmental control purposes. However, the use of conventional piling is 
limited because the open joints between adjacent sheets allow too much water 
to leak through. Over time, leakage through joints may decline as the joints 
become clogged as soil is washed in. or as corrosion of the steel blocks the 
joints with rust. Blockage of joints by these mechanisms is not reliable, so 
they should not be depended upon for making conventional sheet piling 
acceptable for environmental control purposes. Obviously, a better situation 
would be if the Joints could be sealed directly. 
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DEVELOPMENT OF SEALABLE JOINT SHEET PILING 

Researchers at the Institute for Groundwater Research have developed steel 
sheet piling that incorporates joints that can be filled with a sealant after 
the sheet piles have been driven into the ground (patent pending: E.S. Vales. 
University of Waterloo). Prototype sealable Joint sheet piling was 
constructed by attaching a steel L section, or an angle iron, to conventional 
sheet piling. Angle irons were welded to sheet piles to form a cavity 
adjacent to each joint (Figure 1). The bottom of each angle iron is fashioned 
in such a way that very little soil enters the joint as the sheets are driven. 
After the sheets are driven to the required depth , the cavities are flushed 
to remove any foreign matter and then filled with sealant. 

Field trials of cutoff walls constructed with prototype sealable joint sheet 
piling, which are described in the next section, were successful. These 
trials indicate that sealable JDlnt sheet piling is feasible from a technical 
viewpoint. Attaching angle irons to every joint is costly. A less expensive 
technique for producing a sealable joint would improve the economic 
feasibility of sealable joint sheet pile cutoff walls. A new joint that 
provides space for sealant inside the joint itseir was designed, which 
eliminates the need for attaching angle irons at each joint. The modified 
Joint (Figure 2) is formed at the same time that the sheet piling is roll 
formed, so the additional cost of a sealable joint over a conventional joint 
is minimal. 

The tooling necessary for roll forming a sheet pile section that incorporates 
the modified joint has been manufactured and installed at a rolling mill. The 
first production run is scheduled for late October, 1991. The modif ied'sheet 
piling produced in this first run will be used for field and laboratory 
performance evaluations, which are scheduled to begin in November. 

An important component of this project is selection of sealants that will 
perform in a variety of subsurface conditions. A joint sealing compound must 
have low permeability, must bond well to steel after having been emplaced 
under water, and it must withstand chemical attack by the natural groundwater 
and any contaminants that are present. It must also withstand free2e-thaw 
cycles and deformation of the wall due to earth movements, Bentonite based 
grouts and a proprietary polymer {Dow Chemical) have been used successfully in 
field tests to date. Additional sealant materials are being evaluated. 

FIELD TRIALS 

Cutoff walls are generally not constructed In a configuration that allows 
meaningful field measurement of hydraulic conductivity, so there are few 
reports of the actual performance of conventional cutoff walls. Estimates of 
tli' hydraulic conductivity of cutoff walls are typically based on laboratory 
measurements using samples of materials used for constructing the wall or 
samples actually collected from the wall. The as-built performance of a wall 
depends largely on the presence of imperfections in the wall, which laboratory 
measurements do not address. 

In contrast to the usual situation, several cutoff walls have been constructed 
by IGR in a configuration that allows meaningful field measurement of 
hydraulic conductivity. In each case, the test facility is a square or 
rectangular box, whose walls consist of sealable joint sheet piling. Several 
test cells have been built at an IGR research site at Canadian Forces Base 
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Borden. Hydraulic tests have been conducted, and then the cells have been 
used for other experiments. The cells typically extend through a 3.5 m thick 
surflcial aquifer and 0.5 m into the underlying aquitsrd, although cells have 
been constructed to a depth of 11 metres. The aquitard provides a good bottom 
to the cell, which is necessary for a hydraulic test to be conducted. Another 
test cell has been built in the clay plains of southwestern Ontario, and 
hydraulically tested. The upper portion of the subsurface at this site is 
relatively permeable, and the underlying portions are Less permeable. The 
walla of the test cell extend into the low permeability material at depth, 
which again forms a good bottom to the cell- 
To conduct a hydraulic test, the water level inside the cell is displaced from 
the equilibrium value and the rate at which the water level returns to 
equilibrium is observed. The rate of water level change depends on the size 
and shape of the cell, the thickness of the wall, the head difference across 
the wall, and the permeability or hydraulic conductivity of the wall. The 
field results are compared with a matheastical model that assumes that water 
flows uniformly through the entire wall, but not beneath the wall. This 
yields a single value of hydraulic conductivity for the entire wall, K„ ulh . 

Hydraulic tests of the first cell were conducted before and after the joints 
were sealed with a bentonite grout. The test, conducted before the joints were 
cleaned or sealed indicates a bulk hydraulic conductivity of 10"'' cm/s . 
Sealing the Joints reduced the hydraulic conductivity to 10 T cm/s, or 0.1JS of 
its Initial value. This clearly demonstrates the effectiveness of joint 
sealing in improving the performance of a sheet pile cutoff well. A larger 
cell was built using the same style of prototype sealable Joint sheet piling 
and sealed with an improved bentonite grout mixture. The hydraulic test of 
this cell indicates a hydraulic conductivity of l£T e cm/s. 

The test cell in southwestern Ontario was sealed with an organic polymer 
instead of bentonite grout. The hydraulic test of this cell indicates that 
the bulk hydraulic conductivity of the wall is between 10" 11 and 10"-' cm/s 
(Figure 3] . There are several differences between this test cell and those at 
CFB Borden, so it is not valid to conclude that the organic polymer is 
necessarily a better sealant than bentonite grout. Additional tests at CFB 
Borden are underway to facilitate this comparison. Nevertheless, the 
hydraulic tests of the large cell at Borden and the southwestern Ontario cell 
are quite encouraging, yielding bulk hydraulic conductivity values that are 
low enough to be acceptable for many environmental control applications. 

In Jurisdictions lacking regulations that specify a required hydraulic 
conductivity for cutoff walls, it is common practice to apply US EPA 
requirements for soil based landfill liners, which require a hydraulic 
conductivity of 10" 7 cm/a or less. The State of California requires that 
cutoff walls at waste disposal sites have a hydraulic conductivity of less 
than 10"*' or 10"" cm/s, depending on the wastes disposed at the site, and a 
thickness of 0.61 m (California Code of Regulations, 1990). If cutorf wall 
performance Is compared on the basis of the amount of water that flows through 
a unit area of wall per unit time, i.e. the flux through the wall, then the 
thickness of the wall and the hydraulic conductivity must be taken into 
account. Two walls that have the same ratio of hydraulic conductivity to 
thickness will transmit the same flux through the wall, for the same 
difference in hydraulic head across the wall. Thus, a SJSP wall 1 cm thick 
with a hydraulic conductivity of 1.7 x 10"" cm/s would be equivalent to a wall 
that meets the more stringent California criteria. 



Starr. Cherry, and Vales Sellable Joint Sheet Pil* 

POTENTIAL USES AND ADVANTAGES OF SEALABLE JOINT 
SHEET PILE CUTOFF WALLS 

Waterloo sheet pile eutofr walls have .any applications. including- 

" ^^ DW f h C ° nta f?' ent f, T Ua ° f "g^er-lhnn-water petroleum products. 
where the wall would be driven to a depth below the water table 
sut icient to stop the lateral spread of free product near the water 
table and soil vapours oi volatile petroleum constituents' 

- deeper groundwater containment or various contaminants such as DNAPE s 
beneath industrial or commercial properties or hazardous waste disposal 

- containment around new or existing comercial or industrial sites or 
landrills where groundwater contestation is likely to occur- 

" rnn^-TZu CO " LB *"" ent " rOU ' ld Slte9 Wher « Boil or ' groundwater 
contamination la being remediated. 

Cutoff walls can serve as one element in a comprehensive program of site 
restoration that may involve in situ bloremediation. surfactant or steam 
Hushing or other soil or groundwater treatment processes. At a smaller 

:f a r:»ediati: n i :echno!og?:s aBi,,Bte<J *"" "" * ^"^ "* PU ° l ^ "-*■ 

con::n«onai a ::ii: ; Jolnt sheet pmng provides seve - ai » ni *>° ad — ■«- — 

- rapid installation and sealing; 

- minimal disturbance of site landscape during construction- 

- health and safety problems and disposal costs that arise when 
contaminated soil is excavated for slurry trench methods are avoided- 

- irregular wall shapes are easily constructed; 

" M» i( b M con3t ™ff *" built-up urban areas where equipment access 
limitations would interfere with construction of other types of walls- 

- easily built in areas with high water tables, swamps, or surface water 
ixHlles ; 

- convenient use of chemical-resistant sealants; 

- less uncertainty In wall performance; 

- positive public perception of wall reliability. 

These applications and advantages of scalable Joint sheet piling indicate that 
it can be used for controlling a wide variety of environmental problems. 

SUMMAHY AND FUTURE WORK 

The work conducted to date clearly demonstrates that joint sealing effectively 
reduces leakage through the joints between adjacent sheets of a sheet pile 
cutoff wall. Leakage can be reduced to such a low value that sheet pile 
cutoff walls with sealed Joints are suitable for a variety of environmental 

Z ^L P r > T S ; i <™ eSe £"?" ""• co ' lducted " sl "B a field modified prototype 
scalable sheet piling. Tooling Tor manufacturing sealable joint sheet piling 
that does not require field fabrication has been acquired, and production of 

Octoblr IOqT °P ,7 at r l0 ° s « alable J° ln * she*t piling „ scheduled for 
October. 1991. Following production, a rield test will be undertaken that 
involves constructing a test cell that extends to a depth of approximately IS 
TH^r ■ ' „ Cell , Wl11 ta h*™-"""* tested to evaluate its performance 
Identifying and evaluating additional materials that may perform well as joint 
sealants is underway, and is expected to continue through the winter. If 
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there are no unforeseen delays, it is expected that Waterloo sealable joint 
sheet piling will be on the market by the Spring of 1992. 
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ABSTRACT 

The Rayox* enhanced oxidation process, employing high powered ultraviolet lamps, is a 
means for the remediation of contaminated water. There is a growing use of enhanced 
oxidation technologies to address the need to remove small amounts of waierborne 
contaminants from the environment. Efforts such as Ontario's MISA program have been 
implemented to regulate the remediation of contaminated water. The Rayox* enhanced 
oxidation process employs high powered ultraviolet lamps in its technology. This project 
focuses on further developments of the Rayox* technology to allow for building more 
versatile, powerful, efficient systems and thus to allow for the treatment of a wide variety 
of contaminated waters. In this paper, results are presented highlighting the benefits of the 
ultraviolet lamps used in the Rayox* technology and the resulting treatment of 
contaminated waters. Results on the lamp and power supply show that the system operates 
with comparable or better efficiencies than conventional low pressure mercury lamps, thus 
producing the added benefits of compact design and reduced capital and operating cost. 
Quartz fouling, a well known problem for this technology, has been addressed by a major 
development program resulting in an automated quartz cleaning system. Excellent results 
have been obtained even in the most problematic process waters. Future development 
efforts will include further improvements in lamp and power supply design and improved 
process applications to allow for more efficient and powerful cleanup of contaminated 
water. 
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INTRODUCTION 

The use of enhanced oxidation processes (EOP) to destroy small amounts of hazardous 
organic compounds present in contaminated groundwater and industrial process wastewater 
has become increasingly common in the past few years- EOP treatment offers considerable 
advantages over traditional oxidation methods employing oxidants such as molecular 
ozone, hydrogen peroxide or hypochlorite due to the participation of the hydroxyl radical 
(Hoigne and Bader 1976; Peyton et al 1982). The hydroxyl radical COH) is a very 
powerful oxidizing agent that reacts very rapidly with most organic compounds. 

Ultraviolet tight is employed in EOP primarily for the generation of hydroxyl radicals from 
the photolysis of hydrogen peroxide (Sundstrom et al 1986; Mansour et al 1984, Bonip 
and Middlebrooks 1987): 

UV 

H 2 2 -_»- 2 OH 

Light 

Once generated, the hydroxyl radical reacts with the organic contaminant in one of two 
ways; it can add to the contaminant, as is the case for olefins or aromatic compounds, or it 
can abstract a hydrogen atom to form water, as with alkanes or alcohols. Either of these 
processes initiates a complex cascade of oxidative reactions lending to mineralization. 

Ultraviolet light can also initiate the direct photodegradauon of pollutants. Compounds that 
absorb UV light and have reasonable quantum yields for photodegradauon are potential 
candidates. These would include certain aromatic compounds, chlorinated organics and 
nitrosodialkylamines. 

There have been two types of UV lamps used in enhanced oxidation treatments in the past 
low pressure mercury lamps and medium pressure mercury lamps. Low pressure lamps 
have most of their output centered in a narrow band around 254 nm and operate at low 
powers, typically 40-120 watts. They have good electrical energy to light energy 
conversion efficiencies (-30%) but their use in EOP is restricted due to their low power and 
emission in only a narrow wavelength band. Medium pressure lamps have a broad 
emission in the ultraviolet range with variable output powers up to around 15 kW. These 
lamps suffer however from low conversion efficiencies, typically around 10%. 



Enhanced oxidation meatmen! using ultraviolet light has not been fully exploited for the 
solution of real-world problems due to the following factors: 

! . Low power output and narrow bandwidth of low pressure Hg lamps 

2. Low efficiencies of medium pressure Hg lamps 

3 . Potential for fouling of quartz sleeves 

4. Application of the same configuration of the treatment process without regard to the 
nature of the contaminant or its concentration. 

The third point is of practical consideration, since it is found in continuous operation that 
materials such as calcium and iron salts deposit on the quartz sleeves of a water treatment 
system. These deposits effectively block the UV radiation from reaching the water, thus 
requiring a costly shut down of the system to clean the quartz. 

The Rayox* enhanced oxidation system has Largely overcome the above deficiencies in the 
use of ultraviolet light for water treatment. This paper describes work carried out on the 
invesdption of lamp/power supply improvements, automatic quartz cleaning and the effect 
of additives on pilot and full-scale treatment of contaminated groundwater and industrial 
process water. 

EXPERIMENTAL 

Experiments were performed in a batch recirculation set-up. The contaminated water was 
added to a 30 L, 200 L or 300 L holding tank and was pumped through a reactor housing a 
Solarchem 1 kW, 4 kW, 6 kW, 10 kW or 30 kW Lamp. The volume of water treated varied 
with the lamp size from 20 L to 300 L. The recirculation flow rate was 20-200 L min >. 

The contaminated water was obtained from actual groundwater or industrial process water 
sites. The water was used as received without pretreatmem. The pH was adjusted as 
necessary with either sulfuric acid or sodium hyroxide. Samples were withdrawn at 
regular intervals for analysis. The studies of the quartz cleaning device employed an 
industrial process water, as well as tap water that was spiked with 700 ppm ferrous sulfate, 
pentahydrate, 10 ppm sodium carbonate and 30 ppm bentonite. The water was recirculated 
at 50 L min-' through a Rayox* reactor housing a 30 kW lamp. 
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Samples were analyzed by gas chromatography (GC) or high pressure liquid 
chromatography (HPLC) as appropriate. GC analysis was carried out on a Varian Model 
3300 GC equipped with a flame ionization detector and a 15 m jc 0.53 mm i.d. DB-l 
column. HPLC analysis were carried out on a Waters Model 6000A pump with variable 
UV detection and a 15 cm n 0.45 cm i.d. C- 1 8 column. 

All reagents were ACS analytical grade and were used without further purification. 

RESULTS AND DISCUSSION 

Lamp and Power Supply 

The basic module of the Rayox* enhanced oxidation system is comprised of a stainless 
steel reactor equipped with a quartz sleeve, an automated quartz cleaning device and a 
Solarchem lamp and power supply. Hydrogen peroxide or ozone is used as the primary 
source of hydroxy! radicals. ENOX additives, which are proprietary rate enhancing 
compounds, may be added to improve the treatment of some pollutants - 

For a given application, the cost of an ultraviolet light based technology is dependent on the 
amount of light required to treat the water effectively. This affects both the capital and 
operating costs by determining the number of lamps needed and the electrical power 
consumed by the lamps. To minimize the number of lamps required, we have undertaken a 
development program focussing on all aspects of the lamp system from the power supply 
to the delivery of photons to the water. 

The photodegradation of pollutants in Rayox 1 * usually follows first-order kinetics so 
different types of lamps can be compared by determining the slope of the first-order plot of 
the log of the pollutant concentration versus the kilowatt-hours (kWh) of UV energy 
consumed. The kWh consumed is proportional to incident integrated light intensity, and 
hence its use allows for the comparison of lamps without the need to perform chemical 
actinometric experiments that become very difficult for broad band light sources of large 
power. 
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The efficiency of the power supply determines the amount of electricity required (o power 
the lamp. Conventional power supplies for medium pressure lamps generally have 
operated with efficiencies in the 50% range. This is loo low a value for practical use as the 
operating costs become prohibitive. The proprietary Solarchem power supply has been 
developed over the past 3-4 years and operates with greater than 90% efficiency. There is 
thus little wastage of power from the mains to the lamp, which results in lower operating 
costs. 

The amount of electrical input energy converted to UV light is taken to define the efficiency 
of the lamp. The low efficiency of typical medium pressure lamps (-10%) has made them 
loo expensive for commercial environmental applications. An increase in efficiency would 
make these lamps more competitive, on an operating cost basis, with low pressure lamps 
which have efficiencies around 30%. In addition, the wavelength range of the light output 
is particularly important. It is generally found that most organic pollutants absorb UV light 
more strongly at shorter wavelengths. Figure 1 presents the UV absorption spectra of four 
common pollutants and it is readily seen that the UV absorption rises dramatically below 
250 nm for all compounds. It is advantageous to have significant output below 300 nm 
and specifically below 250 nm to improve the photodegradation of pollutants. We have 
compared 4 lamps for their relative abilities to destroy some model pollutants. The lamps 
compared were an older model Solarchem 1 kW lamp (Solarchem A), an improved model 
Solarchem I kW lamp (Solarchem B), a Hanovia 2 kW medium pressure lamp and a 25 
wan low pressure lamp. Experiments were carried out on two test solutions: 100 ppm 1 A- 
dioxane with 100 ppm hydrogen peroxide or 10 ppm pentachlorophenol (PCP) with 100 
ppm hydrogen peroxide. The results are summarwed in Table 1 from which the following 
general conclusions can be drawn: 

The Solarchem A lamp offers 40 - 60% improvement over the Hanovia medium 
pressure lamp 

The Solarchem B lamp is 30 - 60% better than the Solarchem A lamp 

The Solarchem B lamp operates at efficiencies similar to a low pressure Hg lamp 



Table 1 

Observed Rate Constant for Treatme nt with Different Lam p; 



k. ( JtWh) V 1 foreachlamp 



^(1000 gal) 



Conditions Solarehcni A Soiarchem B Hanayja Low-Pressure 
Dioxane/H202 0.048 0.078 0.035 0.080 

PCP/H202 0,125 0.165 0.076 0.175 

Note; k is the slope of the line obtained from a plot of log c vs. kWh/1000 

gallons US. 



These findings are of particular practical importance since it would take 120O low pressure 
lamps at 25 watts to equal the photons delivered by one Soiarchem 30 kW lamp. The 
relative space and capital cost of the high power lamp system is more favourable. These 
results demonstrate the improved operating characteristics of the Soiarchem lamps that 
result in lower capital and operating costs for a treatment system. Evaluation of lamp 
characteristics as well as further lamp developments are on-going projects under this 
program. 

Quartz Cleaning Device 

Once photons are generated from a lamp, it is important to ensure they are transmitted to die 
water consistently. Water containing dissolved metals or solids can deposit a residue on 
the quartz sleeve during continuous use. We have developed an automated quartz cleaning 
device to ensure that the quartz remains clean during continuous use. Tests were carried 
out on two types of water: an industrial process water and a spiked tap water. The results 
of the tests have shown that the quartz is kept clean for both types of water. The number of 
cleaning cycles has been varied between 500 and 30.000 with no deposits observed on the 
quartz. Figure 2 presents a photograph of cleaned versus uncleaned quartz under similar 
operating conditions and clearly shows the necessity of a cleaning device. This 
developmental work is now essentially complete. 



ENOX Additives 

Solarchem has developed five proprietary additives to which il has given the name 
"ENOX". These additives speed up the destruction of some pollutants. Figure 3 shows 
the effect of addition of ENOX 510 on the treatment of benzene, toluene and xylene (BTX) 
in a contaminated groundwater. The addition of ENOX 510 results in a 3 to 4 fold increase 
in the rate of destruction of the pollutants. The Rayox* process also effectively destroyed 
the anti-oxidant methyl-t-butyl ether (MTBE). This compound is not amenable to carbon 
treatment, which has been the standard remediation technique for BTX. Further research is 
underway on additives for different pollutants. 

Treatment Examples 

The following examples have been selected to show the type of results thai can be obtained 
with the Rayox* system. The results are from laboratory pilot scale work using 1 kW or 6 
kW lamps. Residence times in the corresponding full scale systems range from 6 seconds 
to 3 min for each 90% destruction of pollutant. 

N-Nitrosodimethylamine (NDMA) 

NDMA absorbs light strongly at 228 nm and photoiyses without the need for hydrogen 
peroxide. Figure 4 shows results obtained on NDMA treatment using photolysis alone. 
The full scale system offers four orders of magnitude destruction for only $0.40/1000 
gallons operating cost 

Chlorinated Organics 

A groundwater contaminated with a variety of compounds including chlorinated organics 
has been tested and the results are presented on Table 2. All compounds, including the 
more refractory dichloroethane, trichloroethane and chloroform, were treated to below 
discharge requirements. 







Table 2 






Treatment of Chlorinated Organic Compounds 




Compound 


Initial 

Concentration 

(ppb) 


Final 
Concentration 

(ppb) 


Discharge 

Requirement 

(ppb) 


Benzene 


296 




0.75 


5 


Toluene 


0.81 




<0.1 


24 


Chlorobenzene 


6.03 




0.22 


0.3 


1,1-Dichloroethane 


1100 




1 


10 


1,1,1 -Trichloroethane 


640 




11 


200 


Chloroform 


223 




2.87 


350 


Trichloroethylene 


441 




0.17 


30 


Tetrachlorcethylene 


41.5 




0.01 


10 



Penlachlorophenol (PCP) 

A storm runoff water at a wood treating plant is contaminated with up to 5000 ppb of PCP. 
Figure 5 presents the results of Rayox" treatment of this water demonstrating the 
successful results obtained. 

SUMMARY 

This paper has focussed on ultraviolet light application in enhanced oxidation treatment. 
Results have been presented showing the affect of lamp type on treatment efficiency. The 
Rayox* process has been developed utilizing a high efficiency lamp and power supply, an 
automated quaru cleaning device and proprietary ENOX additives. These developments 
result in a powerful system that can treat virtually any organic pollutant to required 
discharge levels. Further research and development will focus on system improvements in 
operability and maintainability and process modifications to improve the overall costs of 
treating contaminated water. 
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FIGURE 1 



RELATIVE UV ABSORPTION OF COMMON 
POLLUTANTS 
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FIGURE 3 



RAYOX TREATMENT OF GROUNDWATER 
CONTAMINATED WITH BTX 
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FIGURE 4 



RAYOX TREATMENT OF NDMA 
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FIGURE 5 



RAYOX DESTRUCTDN OF PCP 
IN STORM RUNOFF WATER 
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BY HIGH PRESSURE STEAM TREATMENT FOR PAPER REUSE 
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ABSTRACT 



A novel steam-explosion technology has been investigated for 
the effective deinking of selected wastepaper and paperboard 
furnish for recycling. The features of the process include the 
continuous pulping of wastepapers at high consistency under hiqh 
temperature (pressure) steam treatment for short duration 
followed by explosive decompression. Deinking of selected 
wastepaper has been studied both at the laboratory and pilot 
scales. The steam-exploded pulp has been evaluated for 
cleanliness (visual and image analysis) and physical and optical 
properties. Numerous potential advantages in the steam-explosion 
approach to deinking have been demonstrated from the technical 
trials. The overall enhanced cleanliness of the deinked pulp 
could likely reduce the requirement for downstream cleaning after 
pulping. An additional potential important advantage is the use 
of furnishes not currently deinkable by conventional technology 
Work is currently in progress to expand the range of wastepaper 
and paper-board furnishes which could most benefit from the new 
technology. 



INTRO DUCTION 

Wastepaper has recently become an increasingly serious 
environmental concern due to the current landfill problems in 
North America. Although limited recycling of selected wastepaper 
has been implemented in some Canadian cities, the programs are 
primarily restricted only to newsprint. There are also 
considerable limitations with the current wastepaper deinkinq 
process technologies. Due to the overall ineffective deinking at 
the pulping stage, the conventional process generally requires 
the use of chemicals during pulping, as well as multi-staqe 
downstream screening, washing, floating and bleaching treatment 
to produce a marketable product. A conventional deinking plant 
therefore suffers from high capital and operating costs. 
Moreover, it is well known that current processes cannot handle 
many common low grade wastepaper furnishes and associated 
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contaminants. It is therefore important that improved wastepaper 
deinking processes be investigated. 



BACKGROUND ON BTEAM-EXPLOBIOM DEIMXIMQ PROCBHfl ! 

StakeTech has developed and commercialized a proprietary 
continuous steam-explosion reactor which is currently the only 
equipment capable of processing wood and agricultural residues at 
high steam pressure of up to 450 psig on a continuous basis. The 
company currently owns 120 patents world-wide on its equipment 
and process technologies for the conversion of lignocellulosic 
material to cattlefeed, chemical and high yield pulp (s-pulp) . 
Recently the company has extended its process technology for the 
deinking of wastepaper for recycling. 

The steam-explosion deinking process have several unique 
features. These are distinct from current repulping technologies 
which generally involves a batch process at low consistency (5- 
8%) , at low temperature {less than 100 C) , for long durations 
(45-60 minutes) and with high energy and chemical consumptions. 
Steam-explosion processing, on the other hand, is at high steam 
temperature (and pressure), typically between 160 C to 230 C ( up 
to 400 psig) . Pulping is performed at exeeedinly high 
consistency (50% by weight) . The process is also continuous, 
which enables steady-state pulping at all times, thereby ensuring 
proper process control and uniform product quality. Termination 
of the pulping reaction is achieved by "explosion", i.e., the 
sudden release of material from the operating pressure to 
atmospheric pressure across a discharge valve. 

StakeTech, in collaboration with Chesapeake Corp. and 
Wisconsin Tissue, has carried out steam-explosion deinking of a 
variety of selected wastepaper and paperboards. 



W ASTEPAPER RECYCLIMGi 

Deinking of selected wastepapers had been evaluated 
initially with laboratory scale steam-explosion reactor at the 
StakeTech laboratory. The steam-exploded pulps, without further 
treatment, were made into handsheets and evaluated under standard 
pulp and paper testing conditions, including yield3, brightness, 
physical strength, fiber classification, and cleanliness (visual 
and image analysis) . The effects of various pulping/deinking 
chemicals, either singly or in combination, on the steam- 
explosion deinking process were also examined, studies to date 
demonstrated superiority of the steam-explosion deinking as 



compared to the corresponding laboratory scale conventional 
deinking with various furnishes. Examples include: 

- Coated paper - coated groundwood-free sheets with 
printing, magazines, brochures, packing plant source 

- Office waste - post-consumer colored - file stock, office 
waste, groundwood-free, sorted 

- Groundwood shavings - coated printers coupons, newspaper 
insert, largely edge trim and low in printings 

Numerous advantages were confirmed from these studies. The 
major ones include: 

- reduced pulping time (conventional: 30-60 minutes, as 
compared to steam-explosion: 1-2 min typically). 

- reduced pulping chemicals: data indicated that 
satisfactory deinking could be achieved with reduced 
chemicals or even in the complete elimination of pulping 
chemicals in the steam-explosion process. This is 

not possible with conventional deinking. 

- reduced particle size of contaminants (including ink): 
the data obtained from image analysis objectively 
demonstrated a drastic reduction in the size of the dirt 
particles present in the pulp after the steam-explosion 
treatment. 



Examples: 



Average particle size (sq.mm) 
Conventional Steam-explosion 



Office Haste: 1.59 o.2 7 

Coated Paper: 0.17 !o6 

Groundwood: 0,59 0.21 



enhanced overall cleanliness: this was demonstrated by 
visual comparisons as well as image analysis (based on 
the sq, mm. of dirt particles present per sq. ft. of the 
paper examined) . The image analysis is currently 
considered to be the ultimate test for objectively 



evaluating deinking effectiveness. 
Example: 



Dirt count (sq. wa/eq. ft.) 
Conventional Steam-explosion 



coated paper: 295.3 1.9 

gr oundwood : 28.0 s . 1 



- reduced energy (steam and electricity) consumption in the 
overall deinking plant (including pulping and downstream 
cleaning): this was confirmed by comparing a proposed 
steam-explosion deinking plant with conventional plant 
(the energy consumption of steam-explosion process is 
about 70% of those of conventional process) . This is 

a result of the processing at high consistency and for 
short durations, as well as for reduced downstream 
cleaning requirement. 

- reduced rquirement for downstream cleaning, reduced 
requirement for washing water, and reduced requirement 
for effluent treatment: these are all logical deductions 
to the enhanced cleanliness of the resulting pulp obtained 
from steam-explosion deinking without further treatment. 

The laboratory studies were scaled up to pilot testing using 
StakeTech's commercial size (4 Tonnes per hour) continuous steam- 
explosion reactor followed by downstream cleaning (if applicable) 
and paper-making using a pilot paper-machine. The results 
generally confirmed the scalability of the proposed process and 
supported the laboratory findings on the potential advantages of 
the technology. 

Overall, results with coated paper suggested that the 
technolgoy for its recycling might be close to commercialization. 
Depending on the final paper grades to be determined (based on 
the market sectors targetted) , some of the furnishes tested might 
require only minor downstream cleaning, such as coarse screening, 
side-hill screening, and fine screening to become acceptable as a 
marketable products. The low grade unsorted mixed office waste, 
on the other hand, might require further technology development. 
The results on office waste were already demonstrated to be 
superior to conventional deinking process. With the type of 



office waste tested, the current technology could mix in about 
15% of office waste with other furnish to manufacture an 
acceptable tissue product. The results from steam-explosion 
indicated that it might be possible to use higher levels of 
office waste (50%) in a mixed furnish. With proper downstream 
cleaning and again depending on the final end-products intended, 
it is foreseeable that a 100% recycled office waste may be 
marketable using the new technology. 

Preliminary economic evaluations had been performed on the 
steam-explosion deinking process for mixed office waste in tissue 
application. The analysis showed considerable economical 
advantages of the new process when compared to conventional 
deinking technologies. 



waSTEPflFEK BOARD RECYCLING: 



Steam-explosion was also demonstrated to be applicable to 
the recycling of old corrugated containers (OCC) and resin-based 
wet strength OCC. The high-temperature and short-duration 
treatment followed by explosive decompression was demonstrated to 
result in excellent fiber dispersion. The stickies (such as 
plastics) normally present as contaminants of the OCC appeared to 
be tolerated well with the new technology. The bulk of the 
resulting plastics after steam-explosion were shown to be of a 
size that could be readily removed by coarse screening alone 
prior to paper making. 

The process was successfully scaled up in a pilot operation 
using StakeTech's commercial scale continuous reactor. Paper 
produced by a pilot paper-machine in the trial was of an 
exceptional cleanliness, superior to current commercial products 
manufactured using conventional technology with extensive 
downstream cleaning, washing and screening stages. The steam- 
explosion technology was demonstrated to work well even with 
heavily contaminated OCC (normally a plant reject) . Particularly 
encouraging results were obtained with wet strength OCC, which 
currently could not be recycled and was known to cause 
considerable problems as a contaminant in the OCC recycling 
operation. The steam-explosion process was able to effect proper 
fiber dispersion for the recycling of 100% wet strength furnish 
to be achieved, even in the absence of chemicals and under the 
short treatment time used. 

Attempts were made at the pilot scale to use old newsprint 
(ONP) as a filler in OCC manufacturing. The low cost of ONP as a 
result of the ONP glut in U.S. (which was forecasted to last well 
into the next decades) provided considerable economic incentives 
for the approach. Evaluations are currently progressing to 
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determine the extent of strength reduction that may occur at 
different OHP substitution levels. 

With the new technology, the results to date suggested that 
a simple overall process could be established for the recycling 
of occ and wet strength OCC. A simple process scheme might only 
have to include the following: a shredder, a conveyor (including 
weightometer and steam or water injection systems to raise the 
mositure content of the furnish), a StakeTech's Feeder-Digester, 
dump chest (for furnish dilution), a coarse pressure screen, and 
a paper machine. 

A preliminary economic evaluation of the process had been 
carried out on the new technology as pertaining to OCC 
operations. The analysis clearly demonstrated the economic 
advantages of the new technology when compared with conventional 
technology. 



EUTUREJfORK 

Overall, the results to date indicated that the technology 
might be ready for commercialization with some of the furnishes 
tested. Work under the current project will emphasis on 
extending the steam-explosion processing technology to the use of 
wastepaper and paperboard which are not readily recyclable by 
conventional deinking technologies. The potential effect of the 
use of chemicals (including surfactants) during steam-explosion 
for the specific applications will be evaluated. 
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BACKgrqenb 

Resorption Canada Limited (RCL) has been actively 
involved over the past few years in RS.D with plasma arc 
technology, utilizing a specially designed 150KW plasma arc 
torch in their plasma research facility (PRF) in Gloucester, 
Ontario. Over the years a wealth of experience and knowledge 
has been gained in the plasma arc processing of carbonaceous 
materials, pyroprocessing of ores and concentrates, and in 
industrial heat applications. A major area of concentration 
has been gasification, whether for the creation of a usable 
product gas, for the destruction of a vaste material, or for 
a combination of both. A Plasma Heating System (PHS) , when 
utilized in a reactor vessel with the exclusion of oxygen, 
can be used very efficiently for the gasification of any 
carbonaceous material. The resultant pyrplysis provides for 
virtual complete gasification of all combustibles in the 
source material, while non combustibles are reduced to a 
non-hazardous solid residue. Hospital Solid Waste (HSW), 
with its high carbonaceous content, is such an application, 
which combines energy production with the destruction of a 
waste material with minimal environmental pollution. Plasma 
gasification of HSW is, therefore, a very substantial 
alternative to current forms of disposal. 

The energy and environmental characteristics of the 
plasma gasification of carbonaceous vaste materials were 
studied over the past four to five years when RCL completed 
extensive experimentation with Municipal Solid Waste (HSW) 
through cost sharing agreements with the Ontario Ministries 
of Energy and Environment, Ontario Hydro and other third 
party firms; Electric Power Research Institute (EPRI), 
Arthur Gordon Environmental Evaluators Limited, RSP 
Environnement Inc. and Centerior Energy. 
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PROJECT SCOPE A ND_ STATUS 

With this experience in plasma processing RCL submitted 
an unsolicited proposal to the Ontario Ministry of the 
Environment (MOE) Cor cost sharing consideration to 
investigate the plasma gasification of KSW. This proposal 
was approved for an October 1991 commencement with an 
expected completion of mid 1992. The project will establish 
optimum operating parameters and then determine the energy 
and environmental characteristics at these operating 
parameters. Facility modifications, as identified through 
the MSW experimentation, will be effected to further improve 
the environmental results. The prf is currently being 
updated for the commencement of first testing. 

THE EXPERIMENTAL PROCEDURE 

The RCL PRF is shown in Figure 1 . Each experimental run 
covers a duration of up to eight hours, depending on the 
requirements of the individual run. HSW is very similar in 
composition to MSW; therefore, the feeder developed for 
feeding MSW will also be used for the HSW. The pathological 
and infectious components of the HSW will be simulated, on 
the recommendation and approval of the MOE, which will 
negate the requirement to design and build a special feeder, 
and permit more accurate ultimate and proximate analyses for 
subsequent comparison purposes. Steam, or water, can be 
introduced at varying rates, as required, tD provide 
additional oxygen to react with the free carbon forming 
additional combustible gaseous products. 

System control is very versatile and enables one 
operator to process varying amounts of material up to the 
maximum capability of the facility depending on the type of 
material being processed. The operator has continuous 
readout of critical operational parameters of the process. 
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The process temperature, as monitored at the inside 
wall of the reactor vessel, is approximately 1100 deg C. 
Once this operating temperature is achieved, HSW is weighed, 
fed into the vessel and processing commences. The optimum 
teed rate for the process is determined through a 
combination of the temperature inside the vessel and the 
amount of product gas being generated. 

Solid residue is permitted to accumulate in the bottom 
of the reactor vessel and is removed at the end of the 
experimental run by hydraulically tipping the entire vessel. 
The solid residue is poured into a bed of silica sand. 

The volume of product gas generated is continuously 
recorded on a Bailey gas meter, and a log of all torch 
operating parameters is maintained to facilitate full 
analyses at a later time. The product gas chemical 
composition is monitored with a Gas Chromatograph to ensure 
a good cross sectional reading of the product gas quality. 
The product gas can be combusted in a burner directly from 
the gasification process, or it can be flared on exit. 

Environmental sampling and analyses are independently 
conducted on the product gas, the products of combustion of 
the product gas and the solid residue. 

PLASMA GASIFICATION CHARACTERISTICS 

Energy and environmental characteristics of the plasma 
gasification process were determined through the previous 
experimentation with MSH. 

The energy characteristics as determined within the BCL 
PEF and as extrapolated through known process improvements 
to a 50 to 75 tonne per day commercial sIeg installation are 



HI 



I 
I 

I 



as follows: 

LABORATORY COMMERCIAL SIZE 

RESULTS EXTRAPOLATION 

Conversion Ratio (Energy Out/In) 1.65:1 4.30:1 

Overall Efficiency 56.0* 72.2% 

Product Gas/Refuse HV Ratio 0.817 0.866 

Product Gas HHV (BTU/SCF) 282,15 282.15 (max) 

Dry Refuse/Slag Weight Reduction 5.37:1 5.37:1 

Wet Refuse/Slag Weight Reduction 8.93:1 8.93:1 

Refuse/Slag Volume Reduction 181:1 184:1 

El Energy per Tonne Refuse (KWhrs) 1595 612 

Commercial size extrapolation includes Known 
ifflprovements obtainable through the use of a larger size and 
more efficient plasma arc torch, the use of additional 
refractory lining in the wall of the reactor vessel and 
economies of scale for heat losses. Conversion ratio is 
defined as the energy available in the product gas compared 
to the electrical energy input to the process which created 
the product gas. A conversion ratio of 4.3:1, therefore, 
means that for every BTU of electrical energy input to the 
process through the plasma arc torch there are 4.3 BTUs of 
usable energy in the product gas. This ratio does not 
consider any energy recovery from the sensible heat in the 
hot product gas, the hot solid residue or the torch cooling 
water, which account for the majority of the 28% losses. 

The heat balance for the process is shown in Figure 2, 
and the chemical composition of the product gas and the 
solid residue are shown in Table 1. Representative air 
emission data for Polychlorinated Dibenzo-p-dioxins (PCDDs), 
Polychlorinated Dibenzof urans (PCDFs), Chlorophenols (CPs), 
Chlorobenzenes (CBs), Polychlorinated Biphenyls (PCBs) and 
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Polychlorinated Aromatic Hydrocarbons (PAHs) are shown in 
Table 2. Leachate toxicity levels for the solid residue are 
shown in Table 3. 

Where possible, the environmental characteristics 
tables include comparable statistics from National 
Incinerator Testing and Evaluation Program (NITEP) reports 
for the Quebec City (Que) and the Prince Edward Island (PEI) 
incinerators, along with Ontario regulation 309 and Quebec 
regulation limits, and the Canadian Council of Ministers of 
the Environment (CCHE) guidelines. The Que and PEI 
incinerators do not have extensive pollution control 
equipment; Que has an Electrostatic Precipitator and PEI is 
a dual stage incinerator. However, these installations were 
selected by NITEP as having designs which exemplified 
projected future trends in incinerator technology in Canada 
and they underwent an extensive optimization/modernization 
upgrade to a state-of-the-art design immediately prior to 
testing. In marked contrast, the RCL PFF was not designed 
with pollution control in mind, rather its design and 
optimization concentrated only on the gasification process. 

The environmental results are self evident, indicating 
that almost all aspects of the plasma gasification process 
are superior to the most optimized incineration processes. 
PAHs are the only emission found to be higher than 
incineration levels; however, in retrospect this would be 
expected since PAHs are destroyed in an oxygen rich 
environment, whereas the plasma gasification process is 
designed to minimize the amount of oxygen present. In the 
plasma gasification process PAHs will be destroyed primarily 
through an efficient combustion of the product gas. 



The solid residue from the process is monolithic with 
toxic element leachability levels, even on fully crushed 
samples, substantially lower than the Environmental 
Protection toxicity standards currently in either the 
Ontario or Quebec regulations. These levels are also 
significantly lower than the normal Jevels of toxicity found 
in the ashes of conventional incineration processes. The 
results shown in Table 3 are from fully crushed samples, 
whereas, if these samples had been prepared and analysed in 
accordance with accepted procedures for a monolithic 
material, even lower results would have been obtained, 

PLASMA GASIFICATION ADVANTAGES/INNOVATI VE FEATURES 

The plasma gasification process appears to have 
substantial cost, size, operability and environmental 
advantages/innovative features over current disposal 
methods. These features include: 

HEAT SOURCE 

a. Independent heat source - provides flexibility since it 
can be controlled at will and can process material from 
very little to its maximum capability and still operate 
at an optimal operating point. This relative ease of 
controllability makes it particularly amenable to 
off-peak processing to substantially reduce input 
electricity charges; 

b. Higher processing temperature and heat transfer rate 
constantly available - conducive to the breakdown of 
most chemical bonds with the prospects of forming less 
complex and non-polluting compounds; and 

e. Processing temperatures can be varied and maintained - 
controllable at the will of the operator to meet 



varying input material composition demands. 

PROCESS 

a. Very little oxygen (much less than for stoichiometric 
combustion) present through the process - results in 
minimal combustion and a richer product gas; 

b. Unaffected by variations in moisture content in input 
material - optimal operation can be maintained; 

c. Two distinct processes before exhausting to the 
atmosphere - distinct separation between the 
gasification process and the combustion process to 
minimize problems associated with the direct combustion 
of the input material; 

d. Reaction of the moisture in the input MSW with the free 
carbon to form additional combustible products - 
results in the virtual complete removal of carbon from 
the input material) 

e. Effluents/residues can be recirculated - catch material 
from pollution control equipments, as may be required 
through different installations, can be reinput into 
the process to eliminate separate disposal 
requirements; and 

f. No new smokestack required - combustion can be 
accommodated in existing boilers to negate the 
requirement for an additional smokestack with its 
inherent high degree of public rejection. 

PRODUCT GAS 

a. Flammable gas produced as a discrete product - provides 
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system flexibility. It caters to varying energy demand 
needs since the product gas can be used immediately, 
piped elsewhere or stored for later use; and 

b. Small volume to be treated by scrubbers - cost and 

complexity of pollution control equipment is minimized. 

PHYSICAL 

a. Small size - results in lower capital costs; and 

b. Installation versatility - small size enhances 
integration into existing facility superstructure, and 
also installation largely underground for noise 
abatement and to present a more aesthetically pleasing 
appearance. 

SOLID RESIDUE 



a. Non-combustibles in the input material, such as glass, 
metals, dirt, etc., melt and chemically combine into a 
dense, inert and non-hazardous solid; 

b. Immense volume reduction from shredded refuse to slag - 
would be even greater with as-received; 

c. All input objects completely melt and are 
unrecognizable in the output solid residue; 

d. Molten slag acts as a secondary heat transfer medium on 
the bottom of the vessel; 

e. Inert, non-leachable solid residue may have cost 
effective commercial uses - indications are for use in 
construction, insulation and packaging industries; and 
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f. No continued use of landfill - frees up valuable real 
estate and alleviates continuing liability front 
leachate toxicity. 

DISADVANTAGE 

The primary disadvantage of the plasma gassif ication 
process is the operating costs associated with the high 
electrical consumption. This cost is somewhat offset by the 
higher volume of product gas generated and, in some cases, 
it can be further alleviated by operation at lower power 
during peak hydro usage periods. For example, demand charges 
can be 30X-9OK lower, depending on the hydro district, for 
operation between 8PM and BAM and all day Saturday and 
Sunday, which potentially can be used to advantage. 
Cogeneration could also be very advantageous to offset the 
hydro operating costs. Initial assessment of cogeneration 
indicates that the full process could be virtually self 
sustaining. 

CONCLUSION 

Historically, environmental standards are invariably 
made more stringent and improved standards are developed 
whenever now developments show that they can reliably meet 
more stringent limits. Plasma gasification shows the 
potential of being able to set such new standards. 



ENCLOSURES 

FIGURE I - RCL PLASMA RESEARCH FACILITY 
FIGURE 2 - MSW COMMERCIAL SYSTEM HEAT BALANCE 

TABLE 1 - PRODUCT GAS AND SOLID RESIDUE CHEMICAL COMPOSITION 
TABLE 1 - AIR EMISSIONS - PLASMA GASIFICATION OF MSW 
TABLE 3 - LEACHATE TOXICITY - PLASMA GASIFICATION OF MSW 
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RESORPTION CANADA LIMITED 

FIGURE I - PLASMA RESEARCH FACILITY 
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FIGURE 2: COMMERCIAL SYSTEM HEAT BALANCE 
(FfiOM R&D RESULTS FEBRUARY 1988) 
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PROD GAS HV/ELECT I/P = -1.30:1 

EFFICIENCY = 72.2% 

PROD GAS/MSW HV RATIO = 0.868 



REDUCTAGAS 
44.4 CuM - 10.021 MJ/NCuM 

9464 MJ / 8.972 MBTU 
3,353 CuFt - 268.95 BTU/SCF 




GAS ENTHALPY 

1219 MJ 
(1 .156 MBTU) 



TORCH LOSSES 

362 MJ 
(0.343 MBTU) 



SLAG LOSSES VESSEL LOSSES 

89 MJ 60 MJ 

(0.085 MBTU) (0.057 MBTU) 



OTHER LOSSES 

1910 MJ 
(1 .810 MBTU) 
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TABLE 1 i PRODUCT GAS i. SOLID RESIDUE CHEMICAL COMPOSITION 



PRODUCT GAS COMPOSITION - (at max heating value) 

HYDKOGEN 41.2* 

CAKBON MONOXIDE 29.7* 

NITROGEN 17.0* 

CARBON DIOXIDE 8.3* 

METHANE 3 . 1% 

OXYGEN . 3% 

ACETELYNE . 7% 

ETHYLENE 0.1% 



SOLID RESIDUE COMPOSITION - (major elements only) 





ELEMENT 


OXIDE 


ELEMENT 


PERCENT 


PERCENT 


ALUMINUM 


9.5 


18.0 


CALCIUM 


10.4 


14. & 


IRON 


2.3 


3.3 


MANGANESE 


0.1 


0.2 


PHOSPHORUS 


0.4 


0.8 


POTASSIUM 


1 .6 


1.9 


SILICON 


23.2 


49.7 


SODIUM 


3.8 


5.1 


TITANIUM 


0.6 


1.1 



TOTAL 51.9 94.7 



TABLE 2: AIR EMISSIONS - PLASMA GASIFICATION OF MSW 
(CONCENTRATIONS PER NORMAL, CUBIC METER) 



COMPOUND 

SEMI-VOLATILE ORGAHICS 
TOXIC EQUIVALENCY 
DIOXINS (NANOGRAMS ( NG ) ) 
FURANS <NG) 
TOTAL 



RCL 

LAB RESULTS 



0.5 
0.5 



EXISTING 

INCINERATOR) 1) 



CCME 
GUIDELINES 



0.5 



ACTOAI. VALUES 

DIOXINS (NG) 

FURANS (NG) 

CHLOROPKENVLS (MICROGRAMS ( UG ) ) 

CHLOROBENZENES ( UG ) 

POLYCKLORINATED BIPHENYLS (UG) 

POLYAROMATIC HYDROCARBONS (OG) 



(ID 


19 - 298(A 


3-10 


44 - 306 


ND 


5-24 


0.6 - 3 


3-10 


ND 


2-7 


1900 - 15000 


4-22 



(1)(A) - EXISTING INCINERATOR AT QUEBEC CITY - NITEP REPORT EPS 3/UP/S 
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(CONCENTRATIONS PER 


NORMAL 1 


ITUBIC METER) 


COMPOUND 




RCL 

LAB RESULTS 


EXISTING 

INCINERATOR(l) 


CCME 

GUIDELINES 


HETALS 












ANTIMONY (MILLIGRAMS 


(MG)) 


0.02 - 0.05 


0.5 ■ 


- 2.6(B) 




CADMIUM (MG) 




0.004 - 0.03 


0.6 ■ 


- 0.9 




CHROMIUM (MG) 




0.02 - 0.08 


0.03 ■ 


- 0.1 




LEAD (MG) 




0.2 - 0.6 


8.4 ■ 


- 15 




MERCURY (MG) 




ND 


0.5 ■ 


- 0.9 




NICKEL (MG) 




0.02 - 0.08 


0.2 


- 0.5 




ACID GASES 













HYDROGEN CHLORIDE (MG) 
HYDROGEN FLUORIDE (MG) 
HYDROGEN BROMIDE ( MG ) 
NITROGEN OXIDE (PPM) 
SULPHUR DIOXIDE (PPM) 



0.1 - 0.6 

0.07 - 0.7 

NT! 

158 - 305 

66 - 69 



169 - 246(A) 
128 - 225 



1'', 



PARTICULATES 

MG PER NORMAL CUBIC METER 



2.4 



9.9 



167 - 247(B) 



2 (J 



(1)(A) - EXISTING INCINERATOR AT QUEBEC CITY - filTEP REPORT EPS 3/UP/5 

(B) - EXISTING INCINERATOR AT PRINCE EDWARD ISLAND - NITEP REPORT EPS J/OP/I 



(MILLIGRAMS PER LITRE 


- CRUSHED SAMPLE) 




RCL 


ONTARIO QUEBEC 


ELEMENT 


LAB RESULTS 


REGULATION REGULATION 


ALUMINUM 


0.03 - 0.18 




ANTIMONY 


ND - 0.006 




ARSENIC 


HB 


5.0 


BARIUM 


0.03 - 0.1 


100.0 


BERYLLIUM 


:;d 




BISMUTH 


HI 




BORON 


ND 


500.0 


CADMIUM 


ND 


0.5 0.1 


CALCIUM 


1.15 - 3.3 




CHROMIUM 


ND 


5.0 0.5 


COBALT 


ND 




mppss 


0.07 - 0.09 


1.0 


IRON 


0.57 - 1.79 


17.0 


LEAD 


0.01 - 0.02 


5.0 0.1 


LITHIUM 


ND 




MAGNESIUM 


0.15 - 0.2 




MANGANESE 


0.01 - 0.02 




K^RCURTi 


ND 


0.1 0.001 


MOLYBDENUM 


ND 




NICKEL 


0.005 - 0.01 


1.0 


PHOSPHORUS 


t> r 




POTASSIUM 


0.05 - 0-1 




SELENIUM 


ND 


1.0 


SILICA 


0.68 - 1.16 




SILVER 


HD 


5.0 


SODIUM 


0.1 - 1.3 




STRONTIUM 


(St> 




TELLURIUM 


m 




TIN 


?.!' 




TITANIUM 


-;:) 




VANADIUM 


ND - 0.015 




ZINC 


0.02 - 0.05 

ND - NOT DE 


1.0 
TECTED 
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DEVELOPMENT OF MEMBRANE TECHNOLOGY FOR DRINKING 
WATER PRODUCTION: TREATMENT OF COLOURED WATER 

C. Smith* and A. Deutschmann, Zenon Environmental Inc., Burlington. Ontario. L7N 3P3 



Some drinking water supplies, particularly those in the northern part of Ontario, are highly 
coloured. Although this may not represent a direct threat lo the health of consumers, these 
substances contribute lo the formation of trihalomethanes when the water supply is 
chlorinated. Conventional water treatment technologies using coagulation and sedimentation 
followed by filtration do not effectively remove these compounds, and concern over potential 
health effects has resulted in increasingly stringent government limitations for rrihalomethane 
content in treated waters. 

Membrane technology offers one promising solution to this problem. Although membranes 

are not yel commonly used in municipal water treatment, ultrafiltration and nanofiltration are 
emerging technologies which offer significant potential as effective processes for removal of 
particles and higher molecular weight organic compounds. Nanofiltration has recently been 
successfully applied for treatment of coloured groundwater supplies in Florida, and 
application for coloured surface supplies is currently of interest. Intensive research efforts are 
being directed at developing membrane processes to a commercial stage for application in 
potable water treatment 

This study was undertaken to determine the technical and economic feasibility of membrane 
nanofiltration technology for the removal of colour and rrihalomethane precursors from 
drinking water sources. In-house testing of the performance of several commercially 
available membranes in parallel with near commercial membranes developed by Zenon will 
be performed on three different water supplies. Two membranes will then be selected for on- 
site pilot testing at one of the lest sites. 

In-house baseline tests using a synthetically prepared water source with colour levels up to 
200 APHA have recently been completed, and testing on the first natural water supply is 
underway, The first test site is a small community in northern Ontario drawing from a 
surface supply where colour levels range from 40 to 150 APHA. 

Pilot testing is expected to take place in early 1992, and results will be used to develop a 
proposed plant design. The process will be evaluated against conventional treatment and a 
complete technical and economic assessment will be carried out. The potential for 
commercialization and market estimates will be also be assessed. 
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Expert System Software Development for Assessment of Solid 
Wastes Leaching and Disposal - TANDIS" Expert System 

N. A. Billings* and D.N. Young, Dearborn Chemical Co. Ltd., Mississauga, Ont. 

Abstract 

LANDIS (LANd Disposal) is an expert syslem based software decision tool. Its purpose is to 
guide the user through a solid waste assessment process to determine the suitability of disposing a 
specific waste in a specific landfill site. Expert system rules control the evaluation process and 
incorporate the expertise necessary to render final conclusions and recommendations from the 
evidence gathered during a LANDIS consultation. 

The LANDIS program consists of several interactive modules under the control of the expert 
system rules and knowledge base: 

relational database management system for storage, retrieval and analysis of waste 

physical/chemical characteristics 

HELP landfill design and hydrological model with a separately-designed graphical 
control interface (Hydrological Evaluation of Landfill Performance, ver. 2.05, USAE 
Waterways Experiment Station, Vicksburg, MS; widely-used and validated with full 
scale sites) 

location/climate database management system for maintaining and adding climate data to 
the HELP model (eg. Canadian sites) 

consultation user-interface system 

The primary types of information requested and generated during a consultation are: 

waste physical and chemical characteristics, 

waste leaching characteristics, 

target landfill design, local climatic factors and landfill hydrology, 

controlling leaching mechanism, 

concentration and mass flux of contaminant(s) leaving the landfill projected over time 
(inorganic species only can be determined at this time). 

LANDIS has been designed from the outset to be applicable to regulatory solid waste 
assessments. Current regulatory practice utilizes the results of physical/chemical characterization 
and one or more bench-scale leaching protocols (protocol types are specific to each provincial 
jurisdication) to determine whether a solid waste is suitable for land disposal. LANDIS provides 
a logical extension to this practice by incorporating the characteristics of the target landfill site 
while utilizing the standard procedures and protocols to determine waste characteristics. In 
addition, LANDIS utilizes a battery of leaching protocol types in conjunction with waste 
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properties and target landfill hydrology to determine the controlling leaching mechanism and 
apply the leaching protocol test procedures most suited to this leaching mechanism. With this 
information, the concentration and mass flux of the contaminants of interest leaving the landfill 
over time (source terms) can be calculated and projected in the future. The suitability of disposal 
of a specific waste in a specific landfill is determined, therefore, by the concentration or mass 
loading of specific contaminant species projected over time. The methods used are a combination 
of standard laboratory testing protocols and the fully-validated HELP landfill hydrological 
model. 

LANDIS is also a very useful tool for conducting 'what if hypothetical scenarios. This capability 
can be employed for purposes of design or to screen waste and/or landfill disposal options (eg. 
waste solidification/stabilization options, effect of capping landfill, liner properties, etc.). Waste 
characterization/leaching data, either from individual waste entries or as generic waste type 
properties, can be utilized in a screening consultation run. Consultations can be interrupted and 
re-started at the same point at a later time. Thus, multiple consultations can be run 
simultaneously. 

LANDIS is normally operated as an integrated multi-module application. However, the waste 
characteristics/leaching database and HELP model (with graphical interface) can also be run as 
independent programs. The database system is, in itself, a valuable resource which can be used to 
study and analyze leaching data using built-in statistical tables and a query-based report 
generator. The original HELP model character-based interface has been upgraded to a 
'Windows-like" graphical interface which greatly enhances its usability while preserving its 
computational core. 

The full integrated program will run on a IBM PC-AT compatible computer equipped with a 
VGA graphics card/monitor, math co-processor and hard disk (386/486 CPU recommended). A 
fully functional prototype has been developed along with technical documentation, a user guide, 
and tutorial. LANDIS is intended for use by regulatory agencies or other users who have an 
understanding of solid waste leaching and familiarity with laboratory bench-scale leaching 
protocols. The program has not been designed for a novice user. 

This project is jointly funded by the Environmental Technologies Program of Environment 
Ontario, the Canadian Electrical Association and Dearborn Chemical Co. Ltd. Over the next two 
years the program will be expanded to include a wider variety of waste types and more 
information specific to Canadian climate and cold weather effects, such as frost penetration, to be 
included in the HELP model. System validation will then be conducted based on a review of the 
knowledge base by domain experts and one or more full-scale site waste disposal assessments. A 
commercial version of the program and documentation will then be released. 



CONVERTING SEWAGE SLUDGE INTO LIQUID HYDROCARBON 

THE "OFS PROCESS" 

D. Martinoli, SNC Inc., Oakville, Ontario 

In 1982, Environment Canada, through its Wastewater Technology Centre in Burlington, 
Ontario, undertook to verify the conversion of wastewater treatment sludge into liquid 
hydrocarbon. 

The principle of low temperature gasification of sewage sludge to produce fuels has been 
known for several year. France issued a patent to Saburo Shibata entitled "Proced£ de 
fabrication d'une huite combustible a partir de boue digeree" in November 1938. However, 
in 1982, two German scientists from the University of Tubingen in Germany demonstrated 
the mechanism by which the sludge is converted into oil. 

They heated dried sludge to 350°C in an oxygen-free environment for approximately 30 
minutes producing oil, char, gas and water. Oil yields ranged from 18% to 27%, and char 
yields from 50% to 60%. The oil had a calorific value of approximately 39 MJ/kg, and the 
char, approximately 15 MJ/kg. 

Environment Canada preliminary bench-scale experiments validated the previous results. 
A large technology demonstration and development program led to the design and 
construction of two 1 t/day pilot plants. The first one was built in 1986 in Hamilton, 
Ontario, and the second one in 1988 in Perth, Australia. These two pilot-scale plants have 
a capacity of 40kg/h each, which is equivalent to 1 t/day of dry sludge. 

The bench-scale reactor has been used to evaluate process performance and to obtain data 
on a number of sludges. This reactor, which is 5 cm in diameter and 100 cm long is made 
up of two zones, the first for volatilization and the second for conversion, WTC has 
operated the system using over 25 different sludges from Canada, the United States, 
Australia and the United Kingdom. 

Based on the results of the bench-scale reactor tests, Environment Canada contracted with 
a subsidiary of SNC in 1985 to design, construct and operate the first pilot plant to confirm 
the bench-scale results and the projected energy savings. This 1 t/day pilot plant, includes 
a 1 m 5 sludge storage bin, a sludge feed system, a 25 cm diameter by 3,5 m long reactor, 
a char discharge system, a direct-contact condenser, an oil-water separator, and a propane 
burner to heal the reactor. It is similar to the bench-scale reactor described above, except 
for the method of heating the reactor. 
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In September 1986, this unil was delivered 10 the Woodward Avenue Sewage Treatment 
Plant in the Hamilton-Wentworth Regional Municipality and has since been operated with 
three different sludges, namely (he raw sludge from Atlanta, and digested sludges from 
Rockford and Hamilton. 

A second generation pilot-scale reactor was built in Perth, Australia in 1988. 
Originally, this unit was located at the Subiaco Wastewater Treatment Plant of the Water 
Authority of Western Australia (WAWA) in Perth in Western Australia. This unit was 
moved to Sydney and was used lo test the sludge from the Malabar Wastewater Treatment 

Plant. 

The object of the testing program was to collect all the process data necessary to design a 
full-scale demonstration plant. The tests were also used to evaluate any environmental 
impacts. The results of the test program have been analyzed and found well within the 
requirements of existing regulations. 

The tests were carried out on both raw and digested wastewater sludge, As expected, the 
oil yields from raw sludge are generally greater than from digested sludge, because in the 
sludge digestion process, volatile materials are destroyed and not converted into oil. The 
oil yields go from a high of 46% for raw sludge to a low of 13% for digested sludge, and 
are a function of the reactor's operating temperature and the source of the sludge. Oil 
viscosity is lower for digested sludge than for raw sludge. It has also been observed that 
viscosity decreases with increasing temperature, but no definite relationship has yet been 
identified between operating temperature and the oil's calorific value. 

Fine tuning continues in the Canadian and Australian pilot plants, and some modifications 
have been made to improve operation and performance. The results from these two plants, 
which have been operated with different sludges, have generally confirmed that: 

* The system is capable of converting the sludge and producing usable car. 

* The heat distribution on the reactor shell supplies a conversion temperature which 
allows the relatively low solids retention times. 

* Throughput capacity of 40kg/hour can be reached, 

* The oil, reaction water and NCG can be separated. 

* The performance is similar to thai of the bench-scale reactor. 
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Conceptually, an OFS plant includes, in addition to the OFS reactor, 3 processes that have 
been used and proven in sludge management systems: 

* Dewaiering, to produce a sludge cake of 30% or more dry solids. 

* Drying, to bring the sludge to 95% or more dry solids. 

* Energy generation, to convert the char, the non-condensable gases (NCG) and the 
reaction water into thermal energy. 

The OFS process has the following advantages: 

* Ener g y considerations - The OFS system is expected to be an extremely energy 
efficient option. This is due to several factors such as thermal drying and the 
conversion into oil by a chemical process with an efficiency greater than 90% , rather 
than by a biological or thermal process. Consequently, this system is a net energy 
producer and approximately 50% of the sludge's gross energy is recovered in the 
form of hydrocarbon. Equally important is that it is the only system to produce a 
liquid hydrocarbon, easy lo store and transport, and essential for several industries 
in the petroleum sector as special additives. 

* Design and operating flexibility - The OFS process requires less space, thus a 
smaller building and a reduction in the capital cost combined with a reduction in the 
operating costs such as heating, electrical maintenance, etc. Because an OFS plant 
includes a number of independent sludge processing units, plant expansions and 
retrofits are much easier and less costly. 

* Environmental superiority - The OFS system provides complete pathogen 
destruction, odor control, metal immobilization and air pollution reduction. 

Viruses and bacteria are completely destroyed in the three consecutive 
thermal processes, namely drying (30-90"), conversion (450°C for more than 
30 minutes) and combustion in the fluid-bed furnace (900°Q. 

Odor control in an OFS plant is facilitated by the fact that each step of the 
process is totally enclosed and that the air from the process is used as 
combustion air for the fluid-bed furnace. 
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The fate of the heavy metals in the OFS process has been well defined. The 
numerous laboratory and pilot plant data indicate that the heavy meials, with 
the exception of mercury, are found in the char of the system. In the 
combustion of the char, the heavy metals are retained in the ash and are 
converted into non-leachable oxides and silicates. 

A significant feature of the OFS process, as compared to incineration, is that 
the fiuid-bed furnace is fed by dry fuels rather than by wet sludge. The 
quantity of exhaust gas generated by the fluid bed, and the need for air 
pollution control equipment are thus greatly reduced. The fluid-bed furnace 
is in fact known for its very high environmental and energy efficiency. In 
addition, its hot flue gases are used to dry the sludge. 

Cost effectiveness - With the revenues from hydrocarbon sales, and the fine tuning 
of the system which will lead to a decrease in construction costs, we can expect a 
short-term objective of $250/ton for dry sludge treated with the OFS process. 



Enersludge inc., a Canadian company 50% ■ owned by SNC inc. of Montreal, and 50% - 
owned by Campbell Environmental limited (CEL) of Perth, Australia, signed an exclusive 
license agreement with Canadian Patents and Development limited, Following this 
agreement, SNC began marketing and carrying out OFS projects in North America, while 
CEL covered Australia and the southeast Asian countries (Pacific Rim). 

Currently, three projects are at various stages of development: 

1 . The Municipality of Metropolitan Toronto, a 48 tpd capacity plant for Highland 
Creek Treatment Plant in Scarborough, Ontario, 

2. The Halifax Harbour Cleanup inc., a 20 tpd capacity plant for the combined 
Halifax-Dartmouth wastewater treatment complex which is under design. 

3. The Sydney Wastewater Board, for the Malabar Treatment Plant in Sydney, 
Australia, to eliminate ocean dumping. 
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USE OF CHEMI LUMINESCENCE TECHNIQUES IN PORTABLE, LIGHTWEIGHT, HIGHLY SENSITIVE 
INSTRUMENTS FOR MEASURING PAN, NO,, NOx, AND Oj . *J.W. Drummond, L.A. Topham, 
G.I. Mackay, and H.I, Schiff. Unisearch Associates Inc. 222 Snidercroft Road, 
Concord, Ontario Canada L4K IBS 

Small battery powered instruments for the sensitive detection of nitrogen dioxide (NO,), 
and otone (Q s ) will be described. Because of their portability, they are ideal for 
studies of indoor air quality, measurements from aircraft, and other mobile platforms 
where power may be limited. For example, a miniature balloon borne sonde, based on the 
cheai luminescence between luminol and N0 2 has recently demonstrated the ability to 
measure ambient mixing ratios of N0 2 between ground level and an altitude of 33 km. A 
converter to enable measurements of NOx by the Luminox NO, analyzer is presented. The 
model LOZ-4 oione monitor will be described. Qjone is measured by using its chesi- 
luminescence with the dye Eos in Y. In comparison with ehtylene based ozone detectors, 
the LOZ-4 has beeter sensitivity, and does not require a troublesome and flammable gas. 
The S measurement is virtually interference free. In contrast, the widely used photo- 
metric Oj measurement technique has demonstrated significant interferences in polluted 
air (presumably due to organic compounds that absorb light at the 253.7 nm wavelength). 
Finally, a sensitive instrument for measuring PAN will be described. It uses a gas „ 
chromatograph to separate the PAN from the whole air sample before detection by Luminox 
techniques. Field measurements for all species are presented. 



vu 



ENVIRONMENTALLY RATIONAL SOLUTIONS! OOOO BUSINESS DECISIONS WITH 
POSITIVE ENVIRONMENTALLY IMPACT. A. A. Wakeford, Administrator, 

ProActivs Recycling Inc., Owen Sound, Ont. N4K 3R2 {S19-371-65H) 

A team of three experienced men; <m ink technician, a printer and a 
businessman from Owen Sound, a beautiful tourist area decided to leave a 
legacy of cleaner land and water to the next generation through the 
development of ink recycling for large printers. By mortgaging their 
residence* and with the support of a 3 R's grant they have designed, 
tested, modified and placed In production a mobile ink recycling system. 

Year I consists of recycling a single type of printer's ink; roldset black. 
Emphasis was placed on meeting 'virgin' specif irations of Tack, Grit, Grind, 
viscosity and Shade, Testing was done and after one year a successful unit was 
created. Commercialisation has paralleled this creation, fighting at all times 
the perception that 'recycled' is 'inferior*. The sleeping giants, the ink 
companies, do take some except ion to this intrusion 'into their territory, 

tear II Introduced the expansion into recycling of all four colours of heatset 
inks. Currently we are expanding Into other ink types, such as sheet fed 
waterbase and forma ink. Paralleling out technical expansion is our commercial 
expansion Into Quebec and the United State*. 

Our objective remains a cleaner environement without sacrificing industry's 
bottom line. Both objectives are possible with rational environmental 
decisions to recycle and reuse our urban resources. 
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ABSTRACT 

The lack of quality control la th* first problem we 
usually encounter in our efforts in the re-cycle or re-uae of 
waste material* generated by nanuf acturing industry. Th* 
variations in properties of wastes are often due to lack of 
attention in the process in which they are produced and due to 
contaminations inside the plant. 

Kb secondary resource, it must neat certain requirements 
including conaistency so that its user would have an efficient 
operation. 

The requirements in the current market of a secondary 
resource must be brought to the attention of waste generator 
for potential modification of the manufacturing operation to 
re-classify the waste as a product with due respect. 
Communications concerning feasible chtnges in manufacturing 
progress on one hand and possible financial rewards in the 
market of secondary resources on the other are essential in 
converting wastes to secondary resources. As an example, th* 
situation in th* re-use of slags from metals industry will be 
discussed. 



I 



1. IMTHODDCTIOM 

In order to facilitate our discussion the definition of 
waste and secondary resources must be clarified. Let us start 
with an example of a primary resource. In Northern Ontario we 
have deposits of taconite, a mineral containing about 30% iron, 
of several billion tonnes. In the 1940 's these rocks were of 
no particular economic value. Due to the development of new 
processes in mineral dressing, in the 1950's we had several 
billion tonnes of taconite iron ore, three mines were in 
operation from the 1960's to 1980's. The great increase on land 
transportation caused all three Ontario mines to close in the 
late 1980 's, therefore, several billion tonnes of taconite has 
changed from iron ore to rock again. It is clear that our 
available technology and market place determines the economic 
value of particular resources. 

The waste in this presentation is industrial waste which 
is produced in a manufacturing process. It has a negative 
price at the plant gate of its generator. 

A secondary resource is a by-product of a manufacturing 
process. It has a positive priee at the plant gate of its 
generator. 

It must be clearly stated that changes in the market place 
and technology may convert waste to secondary resource as well 
as from secondary resource to waste. 
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a. CHARACTER! BTICB 0T WABTBB 

Th» »ost important characteristic of waste is that it 
appears to be useless in the present form. The second 
important feature is that you and/or your government want to 
have it removed from your property. 

It is no fun and down right unpleasant to examine one's 
own garbage, we don't know and don't want to know our garbage 
any better. We just want the garbage men to take these bags 
away, periodl we can imagine that executives in companies do 
not like their industrial waste any more than we do our 
domestic equivalent. The first problem we encounter on the way 
to overcoming the "uselessness" of waste, is the lack of 
knowledge regarding the properties of waste. In our homes, we 
put all kinds of wastes in one bag (before the Blue Box 
Program) . In industry, there is no reason, at least in the 
past, not to put many kinds of wastes together to result in a 
very large variation of properties. To initiate the equivalent 
of the Blue Box Program in large manufacturing companies, 
certainly is the first step in solving the waste problem. 

When we try to market our waste as secondary resource, 
bearing in mind that we must be very specific about the quality 
of our product. 

3 . QPMiIMCAT IPUB Of » B EC 0MpM Y_&E.g,OURCJj 

In a modern day society and competitive market, no 

business could survive without an efficient operation and a 
good product. The company which uses the secondary resource 



(which was a waste) to substitute for part of their usual raw 
materials, is no exception. A secondary resource must meet the 
specifications including consistency as demanded by the user, 
otherwise, it will become industrial waste soon after its 
rejection from the market. 

4. m STEEL IMDPBTRY AMD DOWM STREAM CONTRACTORS 

As an example, the description of waste materials in the 
steel industry is greatly simplified for our discussion. In 
ironmaking and steelmaking operations, waste oxides produced 
may be classified into the following three categories: 

(a) Waste: steelmaking dust 

(b) Secondary Resource: pelletized blast furnace slag 

(c) Haste /Secondary Resource: steelmaking slag and 
ironmaking dust 

These waste oxides are usually handled and processed for their 
disposal or as secondary resources by contractors in the steel 
plants. Ironmakers and steelmakers are very busy ensuring that 
their production, the cost and the quality of iron and steel 
are on targets, has no practice or need up to the present time, 
to look into their garbage cans. And they don't! 

5. FROM WASTE TO SECONDARY RB80PRCE 

The case of steelmaking dust will be discussed as an 
example. At steelmaking temperatures of 1600°C, volatile heavy 
metals which are originated in the recycled steel scrap, 
vaporize and subsequently are oxidized and collected as dust 



for air quality control. The major components of duet are iron 
oxides, zinc oxide, lead oxide and calcium oxide. 

The contents of zinc and lead oxides, ranging from 1% to 
30% wt., is a measure of the severity of the problem at hand as 
well as the potential of converting the dust to secondary 
resource. At landfill sites, zinc and lead nay be leached by 
rainwater, leading to further contamination of the environment. 
On the other hand, if the zinc and lead content in dust is high 
enough and technology is efficient enough to extract these 
metals from the dust instead of ore, dust becomes a secondary 
resource. 

Many new processes for treating steelmaking dust to 
produce iron and zinc-lead alloys or zinc and lead oxides have 
reached pilot plant stage and a very few at the commercial 
scale of operation. However, their economic viability is yet 
to be established. The conversion of steelmaking dust to 
secondary resource will accelerate once either the cost of 
treating dust goes down due to a technological break-through, 
or the cost of its disposal goes up due to a shortage of 
landfill space or other reasons. 

c. rao* BECOBDmr rebqphcb to ■"*» 

In the Hamilton area, the annual production of steelmaking 
slag is about 800,000 tonnes. Host of it is being used as 
aggregate for asphaltic concrete for road pavement. The 
contractors handle slag from the liquid Btate to crushing, 
sizing and finally marketing to the construction industry. 



Steelmaking slag is chemically unstable and can only be used as 
aggregate in asphaltic concrete. It has excellent properties 
for road surface, except it may expand due to hydration 
resulting in cracking of the pavement. For some reason, this 
problem becomes more pronounced recently. If this problem can 
not be solved soon, we will witness the conversion of 800,000 
tonnes of secondary resource to waste. 

7. tTTORTB BHODXD BK M ADE COLLECTIVELY 

In our efforts to convert waste to secondary resource or 
upgrade the secondary resource to a higher priced product (as 
in the case of ironmaking slag) , we are talking of two types of 
activities: 

(i) Technical development of new products based on given 

cr slightly modified raw materials (i.e., wastes). 

It may involve physical and chemical processing. 

(il) Marketing new products (secondary resources) to old 

or new customers. 

Future success, in our opinion, depends largely on our 

collective efforts to overcome the following two difficulties: 

(i) The lack of technical capability in this problematic 

area to define the nature of the problem, 
(il) The lack of communication through the chain of 
companies from the generator of waste to the 
processor to the user of secondary resources. 
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INDUSTRIAL DEVELOPMENT 

Our industrial development plan begins in Metro, Our 
technology is sufficiently advanced that we are now working 
to arrange financing for our first plant. Ve intend to 
purchase the St. Lawrence Starch ethanol distillery In 
Port Credit, which recently shut down. It is an excellent 
fermentation, distillation and dehydration plant for our 
intended products. We plan a 6 aonth trial period in 
place, and then to dismantle the distillery and move it to 
another site. The total cost of the demonstration run, the 
dismantling and re-erection of the distillery, real estate, 
civil works, etc. is estimated to be $12 million. We 
project building several such distilleries at a cost of 
about $20 million each, for a total of more than $100 
million, so this is a rather substantial project. If we 
get into MSW separation, it becomes still larger. 

The St. Lawrence distillery has a capacity of 20 
million liters of ethanol per year, and would convert waste 
paper at the rate of 70,000 tonnes per year. We are also 
meeting with the Paperboard Packaging Environmental 
Council, and hope they will want a dedicated distillery 
with paperboard packaging (Rice Krispies boxes, etc.) as 
feedstock. At this point we have no deep concerns about 
the supply of feedstock, or the markets for the fuel 
ethanol. In Ontario, the government has a 13 cents per 
liter subsidy for ethanol in motor fuel, which is enough to 
be attractive to distributors and blenders. At the 10% 
ethanol level, which the regulations permit, ethanol- 
gasoline blends are a premium grade, and command the same 
price as premium fuel. This practice is very widespread 
south of the border. The only problem ve anticipate is 
being able to assure customers of an adequate supply of 
ethanol In the early stages, so it is a race to get enough 
ethanol into production: a chicken and egg situation, but 
one that has been solved elsewhere. 

The wholesale value of the product of the first 
distillery, 20 million liters at 30 cents per liter, has an 
income of only $6 million. To be adequately profitable, a 
tipping fee of $60 per tonne would have to be charged. 
This is much lower than current tipping fees. At the same 
time as we reduce the volume of MSW to landfill by half, we 
convert the garbage disposal burden to a handsome profit. 

When we have 5 such distilleries based on waste papers, 
the accumulated surplus profits should generate enough 
funds to build a garbage separation plant. Such separation 
plants are expensive. We would take the light fraction and 
produce ethanol from it, at. a good profit. Other 
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ABSTRACT 



Subterranean termites are serious structural pests which cause economic losses on the same 
order of magnitude as fire. Their range in Ontario has steadily increased over the last sixty 
years despite municipal efforts and a Ministry of Environment-funded grant program to 
control and contain them. Conventional chemical control is environmentally unacceptable 
and fails to kill the colony which simply expands its foraging range following chemical 
treatment. The objectives of our research have been to develop a control strategy to kill 
whole termite colonies based on sound fundamental knowledge of behaviour and ecology. 
to demonstrate the ability to extirpate localized populations, and thus to provide a means 
for municipal-wide termite eradication in Ontario. Through mark-reiease-recapture studies 
we have gained a much clearer understanding of the population size, biomass, density, 
dispersion, territory size and foraging dynamics of northern populations of this species. 
Populations number in the millions, covering thousands of square meters, with typical 
densities of about 2,000 per square meter. The caste system, population structure, and 
seasonal development have been studied. To understand over-wintering, experiments have 
been conducted on metabolic heat output and termite movement in relation to soil 
temperature. To understand summer moisture stress, studies were conducted on water 
imbibition, water transport, and regurgitation on soil and wood for microhahitat humidity 
control. The effect of soil structure on water availability, rates of tunnelling, and shelter tube 
construction were investigated. Above-ground foraging on trees is a strong behavioral 
tendency of R. flavipes which is not exhibited by other Reticulitermes species in North 
America. Tree foraging by R flavipes has been further investigated. These biological findings 
have enabled us to improve aggregation trap designs and trap cfficiencies-as many as 42,000 
termites have been taken from a single trap and over a half million termites taken from a 
single plot. A Trap-Treat-Release approach has been investigated in which the trapped 
termites are treated in ways which induce delayed mortality and transmit slow-acting 
toxicants or vector microbial biocontrol agents back into the colony. Several borate 
compounds have been studied as slow-acting transmissible stomach poisons. Some show 
considerable promise and can be applied either in baits or as cuticular dusts. We have 
shown that cuticular loading of dusts can be greatly increased with various nontoxic spray 
paints used as sticking agents. Using sprays to increase loads of borate dust we have found 
effective lethal ratios of treated to untreated as low as 1:20. Several fungi, viruses, and 
nematodes have promise as biocontrol agents by the Trap-Treat-Relea.se approach. Physical 
treatments could be used in conjunction with pathogens. Physical treatments such as gamma 
and X-ray, and UV irradiation all induce delayed mortality. Inter-colony agonism has not 
been discovered in Ontario suggesting a possible founder effect and reduced genetic 
variability which raises the possibility of using treated termites from one colony to invade 
and vector pathogens or slow-acting toxicants into another colony. Further study wilt 
improve trapping and treatment protocols and should make the Trap-Treat-Release 
approach a viable tool for eradicating termite populations from Canadian cities. 



Introduction 



The eastern subterranean termite, Reticutitermes flavipes, is now known to infest M municipalities in southern 
Ontario. The human population of Ontario is 9,426,100 of which 3,783,161 <40%) reside in the 32 infested 
municipalities. This termite species was first recorded from Point Pelce in 1929 and its introduction to Toronto 
is believed to have occurred between 1935 and 1938 (Kirby, 1967). As of 1988, the Toronto Housing Department 
reported thai 5,730 houses had been treated, or about 5% of the total housing stock of the city. These 
infestations occur on 437 blocks or about 15% of the total dty blocks. The average cost for chemical treatment 
and wood-soil separation in 1988 was. 13,272. From 1975 to 1989 the Ontario Ministry of the Environment 
expended $5.6 million on Us Termite Control Program which assisted home owners in covering the cost of 
treatment, Unfortunately, the spread of termites has not been curtailed and the assistance program has now 
been suspended. With financial backing from municipal, provincial and federal sources the Urban Entomology 
Program in the Faculty of Forestry at the University of Toronto was estahlkhcd in 1.987 esrplicilly to conduct 
applied research for the development of an integrated pest management approach to control the eastern 
subterranean termite. Dr. J. Kenneth Grace directed the program from 1987 to 1990. Dr. Tun Mytcs has directed 
the program since 1990. 




Figure 1. Known distribution of termites in Ontario- Infested municipalities include: Windsor, Maiden Centre, 
Colchester, Kingsville, Leamington, Oxley, Harrow, Mcrsca, Gosfieid South, Amhcrstberg, Point Pelec. Pelce 
Island, Dresden, Kincardine, CJuctph, Biota, Fergus, NichoL Woolwich, Kitchener, Ham ilton, Gakville, Brampton, 
Mississauga, Toronto, North York. York, Etobicoke, Scarborough, East York, Pickering, Markham, Old 
Windham(7). 



Population Dynamics and Foraging RrhavUmr 

Esenthcr (1970) was (he first to use (he mark-release-recapture method to estimate R. flavipes population size 
in the field. His population estimate* varied from 0.32 to 9.5 million termites. Grace el a) (1989) and Grace 
(1990) used similar methods and arrived at estimates of 0.72 to 3.2 million termites. An intensive mark-rekase- 
rccapture study on a single plot in Kincardine was conducted during the summer of 1990. The daily rate of 
mortality was adjusted to minimize variation among sequential 4-day estimates. A final population estimate of 
4 2 million termites was calculated. The mark-release recapture method is also useful for measuring the foraging 
territories of colonics. Grace et al reported territories up to 1,091 m J . The Kincardine study in 1990 indicated 
a foraging territory of 1,344 m\ Typical lot sizes on the east side of Toronto arc 25 X 100' indicating that a 
single colony could overlap five or more entire properties. 

Penultimate nymphs overwinter and transform to final stage nymphs and then to winged alatcs from March 
through May. Winged alates do develop in Ontario populations but flight records are uncommon due to the 
inconspicuous nature of most flights. The most abundant reproductive caste in field populations are the nymphoid 
supplementary neotcnics and field evidence indicates a seasonal peak of ncoteok development also occurs in lie 
spring. Eggs, small larvae and presoldicrt arc found through the summer months. 

Local populations arc undoubtedly more stressed by winter coldness than by summer dryness but in both cases 
are able to cope well enough in urban-suburban environments. Our experiments have shown that termites do 
not generate appreciable metabolic heal in aggregations and overwintering therefore depends on finding 
subterranean hot spots associated with buried wood. Dead trees, stumps, sewer systems and healed structures 
are likely to provide overwintering hot spots. In the laboratory we typically operate growth chambers at 
temperatures from 85-90* F al which termites do well and have the highest rates of food consumption. However, 
the soil temperature preference experiments we have found that when given a choice termites will actually seek 
much cooler soil temperatures (50-70'F). 

Experiments on termite movement relative to soil structure have indicated significant effects of particle size on 
rates of soil penetration, soil tunnelling, and shelter tube construction. Termites are unable to lift particles 
heavier than 7 mg (about twice the weight of a large worker) and rarely move particles weighing more than 4 
mg. Generally termites arc unable to move particles with diameters greater than 1.4 mm and rarely move 
panicles greater than 1 mm in diameter. When soil particles exceed 2.8 mm in diameter the interstices between 
ihc particles are just large enough for small worker termites to crawl through. Thus, a mixture of sand composed 
of particles with diameters ranging from 1 ,4 10 2.S mm is completely impenetrable by R. Jlavipes. Below 1.4 mm 
the rale of tunnelling increases continuously with decrease in particle size. For example, in one experiment over 
ten days groups of 25 workers tunnelled 0.5 cm through particles 1.4 to 1.18 mm, 4.5 cm through particles 1.18 
to 1 .0 mm, 7.0 cm through particles 1 .0 to 0.85 mm, and 8.5 em through particles of J5 to 0.71 mm. With finer 
particle sizes the termites penetrated 10 cm in 6 days with particle sizes from 0.71 lo 0-5. in 4 days with particle 
sizes 0.5 to 0.25, and in less than one day with particle sizes below 0.25 mm. Termites were unable lo use 
particles from 1.4 lo 1.0 mm for shelter tube construction. Shelter tubes were built slowly and were poorly made 
when termites were provided with particles ranging in size from 1.0 to 0.71 mm. Shelter tubes were constructed 
mosl rapidly {1 cm/day/500 termites) with particles from 0.71 to 0.075 mm. Shelter tubes were most uniform 
in shape when constructed of particles from 0.25 lo 0.075 mm . These experiments suggest that termites probably 
prefer fine sandy soil (J5 to .075 mm). However, the important effects of soil structure on oxygen availability 
and sot] microorganisms are not known. 

Soil particle size also has important effects on water retention and free water availability. Imbibition of 
hydrostatic water from the soil and water transport have been studied. Termites are able to regulate the 
microhabital by transporting water in the crop and regurgitating it for moistening soil and wood. Substantial 
volumes of water may be involved. Volumes of approximately HI nanolilres per worker have been measured. 
Ten water transport trips per worker per day would result in the movement of 100 ml per million workers. 
Water transport may account for much of the traffic in termite colonics and possibly is critically important in 



mixing the population Population mixing has important implications on the use of transmissible toxicants or 
pathogens for termite control. 

Tree foraging by northern populations of R. fiavipts was first noted by Hagcn (1885) in the Boston, 
Massachusetts area. The importance of this behaviour in Ontario was re-cmphaslzcd by Grace and Cooper 
(1987), In a study of 17,800 trees in Toronto, Cooper (1981) reported the following rales of termite attack: horse 
chestnut (19%), silver maple (18%), sugar maple (14%), red oak. Poplar spp., and red maple i5%), Manitoba 
maple, Norway maple (4%), and locust, white ash, elm, tree of heaven and basswood (2% or less) Over the last 
year we have noted that Iree inspection for the presence of external mud shelter lubes is a rapid and effective 
method of determining the presence of termites on a property, This method was also used to rapidly identify 
the location of termites on one infested block in Winnipeg in August 1991. Recently numerous observations of 
shelter tubes on red pine trees have also been made. Shelter tubes are more likely to occur on older trees and 
trees with rough bark texture. Studies of orientation responses of the termites to wood extractives of various 
species also indicate the presence of chemical attractants in horse chestnut and repellents in tree of heaven 
(Grace, 1991). 

Aggregation and Mass Trapping of Termite* 

As individuals, termites are small delicate insects that are easily killed. As a superorganism of millions of sterile 
workers, thousands of soldiers, and dozens of reproductive^ occupying a diffuse network of subterranean galleries 
over a few thousand square meters Ihey are most difficult to kill. The genus in question, ttaiculilermes, is 
particularly difficult because of its ecological adaptation as a xyiophagous forager. Many other kinds of 
subterranean termites that harvest renewable cellulose resources (such as grass, humus, dung or fungus combs) 
from a fixed territory are able to establish a permanent nest or mound. II is relatively easy 10 control termites 
thai build mounds and conspicuous nests. Xylophagous foragers, however, rely on non-renewable, isolated pieces 
of surface dead wood. The size and dispersion of Ihis food resource, especially in temperate northern parts of 
the world, is such that their best strategy is never to invest effort in nest -building, but instead, to always be 
foraging and searching for new resources so that they can move as resource items are consumed. It is also to 
their advantage to have numerous, scattered, interconnected feeding sites so that they move from place to place 
adjusting to the ever changing conditions of temperature, soil moisture, and predaiion from ants. These ecological 
adaptations have made the control of subterranean termite colonics a challenge that has defied the creative 
efforts of researchers for decades. It now seems that the key to controlling such colonies is to develop a delivery 
system. With an effective delivery system a variety of toxic or physiologically active materials might be used to 
kill the colony, 

Mass-trapping and direct treatment of the trapped termites appears to be an effective means of delivering 
toxicant. A relatively recent innovation in applied termite studies has been the development of various traps 
which employ corrugated cardboard as a food source and matrix for aggregating and harvesting large numbers 
of termites (La Fage et al, 1983; French and Robinson, 1985; Grace, 1939; Mylcs and Smith, unpublished), 
Using traps containing two small cardboard rolls (13 X 4 cm) Grace (1989) reported average collections of 2,612 
termites per 3-10 day interval, with maximum catch of 7,622 and total catch of over 200,000 within one 15 day 
period. Using larger cardboard rolls (15 X 30 cm) placed in PVC shafts 0.5 10 1,5 m deep, we have been 
collecting an average of 9,200 termites per leap, frequently with 15,000 to 20,000 per trap and with a maximum 
of 42.542 from one trap! Through the use of cardboard roll iraps we were able to trap 526,000 termites in a three 
week period from our field site in Kincardine, Ontario. In short, it is now possible to trap hundreds of thousands 
of termites from single colonies within a few weeks. 

We have now devised and installed various "trapping system" consisting of rolls of corrugated cardboard of 
various sizes, in various arrangements, interconnected with buried fibre tubing. The performance of traps k uuile 
variable from site to site, depending on a great number of uncontrollable variables in the urban environment. 
Refinement of trap system designs will be an ongoing area of research. 
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Trmp-Trem! 'Release Approach to Colony Annihilation 

The centrepiece of our research is to develop a Trap-Treat* Release (TTR) technique Cor kilting whole colonies 
of subterranean termites. This concept evolved out of previous research on the Bait Block method and mark- 
releasc-recapture studies. The technique involves trapping several hundred thousand termites from buried rolls 
of cardboard. The trapped termites are treated in the laboratory with small doses of chemicals, insect growth 
regulators, nematodes, or by physical means, A massive cumber of treated termites are then released back into 
the colony. A sudden, massive,, widespread mortality sets in throughout the extensive soil tunnel network about 
one to two weeks after release. The growth of saprophytic and pathogenic microorganisms on the dead will 
disrupt colony homeostasis. Trap-lr eat -release cycles could be repeated, if necessary, until the whole colony dies. 

By the Trap-Treat -Release approach, trapped termites can be treated under controlled conditions. This creates 
the opportunity for methods of treatment and types of treatment which have never before been contemplated 
for termites. For example, cuticular dusting or direct topical application of materials is possible. The Trap-Treat* 
Release technique is a method of quickly treating a large proportion of the colony within a much shorter period 
of time than is possible by gradual free-choice feeding at baits. Trapping and treating, though somewhat labour 
intensive, is a far superior delivery system. It is necessary that (he lethal effect have a delayed onset so that the 
treated termites disperse back into the colony, With an effective delivery system, a wide array of dtiayed^action 
lethal treatments might be used, for example; stow- acting toxicants, insect pathogens, parasitic nematodes, insect 
growth regulators, or physical treatments such as radiation. Various, treatments could also be used in 
combination. In time, the trap-treat -release technique should be perfected as a routine pest control procedure. 
Alternatively, trapping, on its own, might become sufficiently perfected that it could become possible to 
exhaustively trap whole termite colonies out of the ground. 

Delayed -Morta I ity Inducing Treatments 

Borate compounds are the primary materials that we have investigated so far (Grace, 1990; Grace A Abdaliay, 
1991, Grace 1991a,b). Several tested compounds applied as cuticular dusts are effective including; disodium 
octaborale telrahyd/ate (Tim-Bor*), barium metaborate (Busan 11-M1), zinc borate, and boric acid. Sodium 
borate (borax) was not effective. In experiments in which termites were on filter paper in petri dishes. Effective 
Lethal Ratios (ELRs) of dusted to undustcd termites were at least 1:16. Realizing that in the field the ELR will 
be affected by the loss of dust from the treated individuals as they disperse through the soil tunnels, we decided 
to evaluate the ELR after various periods of dust loss. To assess the dust loss we have conducted an experiment 
in which the dusted termites are placed on moist sand for various time periods prior to transferring them to a 
group of untreated termites. Even after 24 hours of isolation on moist sand the termites carried enough Tim Bor 
dust to kill untreated termites at a ratio 1:5. This suggests that Tim Bor dust would he an effective toxicant for 
a Trap-Treat- Release approach if we can trap 20% of the population. As the mar k-reteasc- recapture study 
suggests we can trap around 10% of the colony. Next we studied the serial transmission of Tim Bor. This was 
done by exposing an initial group of untreated termites to an equal sized group of dusted termites. After one 
day the exposed termites were transferred to a new group of untreated termites. This was done for a series of 
5 days. The experiment showed that after the first transmission by grooming (termites avidly lick each other) 
there follows one more effective lethal serial transmission, presumably via iropballaxis of gut content. Thereafter 
no further lethal transmission in the series, occurred. 

In recent experiments using Tim Bor, we have tried to improve the adhesion of [he dust to the cuticle using a 
nontoxic adhesive marker pen solutions (San ford. Sharpie* permanent markers). The marker solution has 
excellent adhesive properties however we were unable to effectively mark and dust large numbers af individuals. 
We next experimented with spray paints. Depending on rate of application, several spray paints were found that 
were non-toxic and effectively aided the adhesion of dust. Two or three cycles of spraying and dusting result in 
maximal loading. We selected a fluorescent orange because this also conveniently marked the treated individuals- 
Using this method we have achieved effective lethal ratios of 1:20 in petri dishes and 1: 10 in soil tunnel arenas 
which simulate field conditions. Although dusting-spraying is effective and thousands can be treated within 



minutes, we arc now trying to improve treatment by formulating the toxicant directly in an adhesive aerosol 
spray. 

An alternative to the use of insecticide* is (he use of microbial agents. Zoberi and Clrace (1990a) isolated 40 
fungal species from R. fluvipes Held material. These included several facultative pathogens and a virulent strain 
of Beauvtria bassiana (Zoberi and Grace, 1990b), Recently, we have also initiated studies with Dr. Martin 
Hubbes of the Faculty of Forestry at the University of Toronto on various nematodes that are pathogenic to 
subterranean termites. In collaboration with Dr. David Levin of the Department of Biology, York University we 
are undertaking preliminary investigations of several cnlomogenous viruses. Several non-occluded forms of 
nuclear polyhcdrosis viruses and one enlomopox virus have been found that infect and kill R. flavipes. 

Direct exposure of termites to physical treatments is possible in the Trap-Treat ►Release approach. Physical 
treatments are of considerable interest because they do not produce immediate behavioral impairment and do 
not burden the insect with carrying a chemical load {allowing the termites to disperse widely from the release 
point). Physical treatments might be used alone or in conjunction with transmissible chemical or microbial agents. 
We nave investigated various physical treatments as methods of inducing delayed mortality. Short wave UV (9 
warts) induced 100% mortality in 9 days after 2-3 minute exposure. With gamma radiation from a Co rt source 
LDyfi from 3 to 28 days were obtained with exposures to 3064 to 383 Rads. Portable gamma emitters with Co M 
and If ,TC pellets required I and 2 hours of exposure time respectively to induce 100% mortality in 12 days. 
Termites were X-rayed with a portable 200 KV unit which required only 25 minutes exposure to induce 1(30% 
mortality in 10 days. UV is least hazardous form of physical treatment and requires (he shortest exposure time. 
However since gamma and X-rays could penetrate cardboard and soil they could be used in an 'aggregate and 
irradiate" strategy. A portable X-ray or gamma emitter could be mounted on a small wagon and driven to any 
location. It could then be used to irradiate the aggregated termite in situ in the aggregation traps without even 
removing the trap from the ground. Two or three exposure cycles might be enough to kill a colony. This would 
email relatively small labour costs, and would leave no toxic chemicals in the soil. 

Benefits of Research 

Present methods of control arc property-specific and heavily dependent on large galk>nages4 of persistent 
pesticides applied as a chemical barrier in the soil around an infested structure. This method is usually effective 
for protecting a given structure (although rc-treatmcnt is often required). However, the chemical barrier method 
is almost never effective is killing the termite colony which simply moves from the treated site lo an adjacent 
untreated property. By the Trap-Treat -Release technique it will be possible lo eradicate isolated pockets of 
termite infestation in Ontario municipalities rather than simply protecting properties one at a time. Eventually 
it may be possible to eradicate termites block by block to re-establish "termite free rime*,' in Metro Toronto. 

With further development, the Trap-Treat- Release technique will become an integral component in urban pest 
management. Effective development of the Trap-Treat-Releasc method will substantially reduce or eliminate 
the amount of persistent pesticide used for subterranean termite control. By reducing the need Tor termilicides, 
it will dramatically lower the load of persistent toxicants in the urban environment. The reduction of tcrmilicide 
treatments will also decrease the long-term health hazard to residents of termiticidc-lrealed homes, arising from 
lingering vapours in in-door atmospheres and from accidental contact with treated soil 1( will also reduce or 
eliminate the health hazards lo applicators of termilicides arising from spills and misapplications. 



Reformers 

Cooper, PA. 1981. The subterranean termite, Retkulitermes fUnipes* — its activity and control in shade trees. 
Faculty of Forestry, Univ. Toronto, 25 pp. Final Report to tbe Ontario Shade Tree Council. 

E&enther, G.R. 1980. Estimating the si/e of subterranean termite colonics by a release-recapture technique. Intl. 
Res, Grp. on Wood Preserv. Doc No. fRG/WF/lU2, 5pp. 

French, J.R J. 1990. Termite control in the nost-organochtorine era: How do we advise industry and society? [nil 
Res. Group on Wood Preservation Doc No: IRG/WP/1435. 12pp. 

French, J.RJ. and PJ. Robinson. 1931, Baits for aggregating large numbers of subterranean termites. J. Ausl. 
lintomol Sot 20: 76-77. 

Grace, J.K. 1989. A modified trap technique for monitoring Reticuliiermes subterranean termite populations 
(Isoptcra: Rhinoiermitidae). Pan-Pacific Entomologist 65: 381-384. 

Grace, J.K. 1990. Mark- recapture studies with Rtticutiwrnes jlavipts (Isoptcra: Rhinotcrmilidac). Sociobiology 
16(3): 297-303. 

(irate, J.K. 1991. Behavioral Ecology of Subterranean Termites and Implications for Control, pp. In: M.l. 
Haverty (cd.) Proc. Symp. on Current Research on Wood- Destroying Organisms and Furture Prospects 
for Protecting Wood in Use. Sept. 13, 1989, Bend, Oregon. 

Grace, J.K.; Abdailay, A. 1989, Evaluation of the dye marker Sudan Red 7B with Rtikulitemus flavipes 
(Isoptcra: Rhinoiermitidae). Sociobiology 15: 71-77. 

Grace, J.K.; Abdailay, A. 1990. Tcrmiticidal activity of boron dusts (Isoptcra: Rhinoiermitidae). J. Applied 
EntomoL 109: 283-288. 

Grace, J.K.; Abdaliay, A.; Farr, K.R. 1989. Eastern subterranean termite (Isoptcra: Rhinolennicidie) foraging 
territories and populations in Toronto. Can-Entomol. 121 (7): 551-556. 

Grace, J.K.; Abdaliay, A; Sisson, J.M. 1990. Preliminary evaluation of borate baits and dusts for eastern 
subterranean lcrmilc control. International Research Group on Wood Preservation. Dec. No: 
IRG/WP/1433. 7pp. 

Grace, J.K. and PA. Cooper. 1987, Association of the eastern subterranean [ctmiltjitticulitermrs flavipms 
(Kolbr), with living trees in Canada. J. Enlomol. Sci. 22:353-354. 

Hagen, MA. 1885. While ants destroying living trees and changing the foliage, in Cambridge, Mass. Canadian 
Entomologist. 17:134-136. 

Kirby, C.S. 1967. Termites in Ontario, with particular reference to the Toronto region. Forest Research 
Laboratory, Saulte Ste. Marie, Ont. Inf. Report O-X-56, 30 pp. 

La Fage, J.P.; N.-Y. Su, MJ. Jones; and G.R. Esenther. 1983. A rapid method for collecting large numbers of 
subterranean termites from wood, Sociobiology 7:305-309. 

Zoberi, M.H. and J. K. Grace. 1990a. Isolation of the pathogen Beauvtna bassiana from Reiiculiiermrs Jlovipes 
(Isoptcra: Rhinotcrmilidac). Sociobiology 16(3):289-296. 

Zoberi, M.H. and J.K. Grace. 1990b. Fungi associated with the subterranean termite Rcticulit&ma flavipu in 
Ontario. Mycologia 82(3): 289-294. 



The Development of Reliable Treatment Systems for Milkhouse 

Kashwater ,- M. Anderson and P.H. Groenvelt, University of Guelph, 
introduction Guelph, Ontario 

Research conducted by the upper Thames River conservation 
Authority has identified the improper disposal of milkhouse wash 
water as one of the most serious sources of agricultural 
pollution in the province, amounting to over 200 tonnes of 
phosphorus entering rivers annually in Southern Ontario alone. 
This is approximately 12% of the estimated load to Lake Erie from 
agricultural land in Ontario, assuming all this phosphorus 
reaches surface waters. Compounding this is the fact that 6 3% of 
this phosphorus is soluble reactive phosphorus, and thus much 
more available for algal growth than phosphorus pollution from 
run-off (Miller et al., 1987). In addition to phosphorus, this 
effluent usually contains large amounts of residual milk which 
is a strong source of BOD and bacterial pollution. 

A large part of the problem is that farmers who do not have 
liquid storage facilities currently lack a reliable method of 
disposal. In the past, the Ontario Ministry of Agriculture and 
Food has recommended the installation of septic tank-treatment 
trench systems on such farms. However, a large proportion of 
these systems which were installed have failed, and as a result 
have acquired a reputation within the farming community as being 
quite unreliable. 

The primary goal of this research project is to develop simple 

modifications to the milkhouse septic tank system design or on- 

farm practices which will render these systems reliable for at 
least 25 years. 

In order to achieve this goal, the direction this research 
project has taken in the last six months is not so much to modify 
the treatment trench disposal system, as to modify the 
characteristics of the effluent so it will be less prone to cause 
failures of these systems. 

Farmer survey: 

A mail survey was sent out in late November, 1990, to 126 farms 
which had installed milkhouse treatment trench systems under the 
OSCEPAP II program. Of the surveys sent out, 89 responses were 
received. The aim of this survey was to identify factors which 
were contributing to the failure of the treatment trench disposal 
systems and to determine their relative importance. Included in 
the survey were all the conceivable factors which might affect 
the lifespan of these systems, including: soil type, water use, 
milk spills, septic system design, length of milk pipeline, etc. 
An example the survey is found in appendix I . 



Survey Results: 



Number of surveys sent out: 128 
Number of returns: 89 

Number of case studies: 104 

(many surveys provided information on more than one system) 



Number of systems still functioning: 

-which are diverting rinse water: 
-which are not diverting rinse water: 
-which are not using a pipeline: 

Number of systems which have failed: 

-which were diverting rinse water: 
-which were not diverting rinse water: 
-which were not using a pipeline: 

Details of disposal system history; 

Ear_gys_riais st i n ^nctioiunq 



Ave. lnth. pipeline 
Ave. f of cows 
Ave. est. water use 
Ave. drain time 
Using air injectors 
Any milk spills? 

Ave. vol. settling tks. 
With baffled outlets 
Ave. length of trench 
Ave. yrs. btwn. pumpings 
Ave. date of install. 
Requested survey results 



210 feet 
36 

129 gallons 
6.8 minutes 
54% 
26% 

722 gallons 

78% 

264 feet 

2.6 years 

1987 

74% 



6b 

2 8 
2 9 
8 

39 

19 
10 
2 



For failed systems 



181 


feet 


36 




106 


gallons 


5.6 


minutes 


54% 




33% 




475 


gallons 


62% 




223 


feet 


1.7 


years 


1980 


96% 





Statistical analysis was carried out on those case studies 
involving a failed system. A multiple regression was set up 
involving the following factors: 

- water use 

- Number of settling tanks 

- volume of settling tanks 

- length of weeping bed 

- clay content of soil 

- milk spills 

- diversion of rinse water 

- hydraulic loading rate (water use/length of weeping 
bed) 



The response used in this analysis was the lifetime of the system 
in years. The only factors which appear to significantly affect 
the lifespan of these systems is the diversion of rinse water and 
hydraulic loading rate. Essentially this means that if farmers 
use less water and exclude the rinse water from the septic 
systems, these systems will work significantly better. 

The Effect of Diverting Rinse Water on Effluent quality: 

A central hypothesis of this research is that the diversion of 
pipeline rinse water will reduce the formation of a thick soil 
clogging mat in the weeping bed. Research regarding household 
weeping bed systems has shown that the extent to which a clogging 
mat develops is accelerated by effluents of higher organic 
strengths and by higher hydraulic loading rates (Jones and 
Taylor, 1965; taak, 1970; Siegrist, 1987). More specifically, the 
development of this mat seems to be directly related to the 
cumulative loading of BOD and total suspended solids (Laak, 1970; 
Otis, 1985; Siegrist, 1987). 

In January, 1991, an experiment was conducted on a farm east of 
Peterbourgn, Ont. in order to determine what effect the diversion 
of rinse water would have effluent quality and therefore on the 
organic loading rate to the weeping bed. 

Since 1978 this farmer had installed two weeping bed systems and 
two dry wells in order to treat his wash water, none of which 
lasted more than one year. He was currently allowing the settling 
tank to overflow and run down into a gully. He had also never 
diverted his rinse water. 

We determined that since he had recently installed a semi-solid 
manure system, a solution in his case involved only the re- 
routing of the drain in his milkhouse sink to drain into his 
manure gutter . However prior to this, he consented to begin 
diverting the pipeline rinse water in order to investigate the 
effect this would have on the quality of the effluent in the 
settling tank. Weekly samples were taken from the tank for a 
period two weeks before to two weeks after he began diverting the 
pipeline rinse water, samples were analyzed for BOD and TSS with 
results shown in fig 1 and 2 in the appendix. TSS showed a 85% 
reduction within one week of diversion and an 89% reduction over 
two weeks. Similarly, BOD values dropped by 42% within one week 
and 74% within two weeks. 

While this farmer is now putting his milkhouse wash water into 
liquid manure storage, he plans to continue to divert the 
pipeline rinse water as he feels it is good feed for his calves. 
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Hater use Studies; 

It is well documented in scientific literature relating household 
weeping bed systems that a reduction in the hydraulic loading 
rate will reduce the likelihood of system failure, independent 
of the organic loading rate (Seigrist, 1987; Sharpe et al., 
1984). This is presumably due to more efficient biodegradation 
of organic matter in the weeping bed when water is not 
continuously ponded in the trenches. 

Unfortunately, there is very little literature relating to water 
use by modern dairy operations. In addition, from the survey 
results, there is no correlation between estimated water use and 
pipeline length, pipeline diameter, number of cows or even the 
number of wash cycles per day. 

There are two possible explanations for this lack of correlation: 
either farmers are very bad at estimating their water use or 
there is another factor which dominates water use which was not 
included in the survey. 

In addition to improving the function of milkhouse weeping bed 
systems, reducing water use would have several other benefits 
which would attractive to farmers. Approximately 2/3 of the water 
farmers use for pipeline washing is hot water, A reduction in 
water use would bring a considerable economic savings in terms 
of hydro use and also in terms of cleaning chemical use. Hydro 
and chemical costs typically range into the thousands of dollars 
per year per farm. 

In order to investigate the factors which affect water use, 
several milkhouses have been instrumented with meters to measure 
hot water use, total water use and hydro use by the milkhouse hot 
water heater. Farmers involved in these studies have agreed to 
read these meters every day and have been encouraged to 
experiment on their own to develop simple ways to reduce water 
use. 

The water meters used were Neptune Bronze 1/2" water meters 
obtained from Canada Valve in London, Ont. and rated accurate 
within 1%. The hydro meters were obtained from Waterloo North 
Hydro for a nominal fee and are also rated accurate within 1%. 

Several mechanical modifications will be investigated for their 
effect on water use. Specifically, "air injectors" for pipeline 
circulation, and "wash manifolds" to more efficiently use the 
water in the milkhouse sink, are both commercially available and 
are claimed to reduce the amount of water used for pipeline 
cleaning. 



Hater Use Study Results: 

At the time this report was written, three farms were 
participating in this study with two others as yet to be 
instrumented. Results for two of the participating farms are seen 
in figs. 3 and 4 in the appendix. 

Substantial water savings have already been achieved on two of 
the participating farms. Bill Irwin had for many years been using 
approximately ISO 1/cycle which would amount to approximately 
1300 litres of water per day. During a farm visit in Nov. 1990, 
his excessive water use was discussed and he adjusted the level 
to which the water in his sink filled. This simple adjustment, 
involving only a length of hose in his milkhouse sink, reduced 
his water use by over 34%. In the spring of 1991, a similar 
adjustment was made resulting in a further 47% reduction, for a 
total water use reduction of 65% or 850 litres of water /day. 

From measurements of hydro consumption/1 of hot water, this will 
result in an energy savings of 11,500 KWH/yr. amounting to 
approximately $800/yr. 

Hon Forbes, another farmer who is participating in this study, 
has cooperated in redesigning a milkhouse sink which has reduced 
his water use by approximately 40%. This will result in total 
water savings of 275 litres of water/day and hot water savings 
of 62,500 litres/ yr. Energy savings will amount to approximately 
3,050 KWH/yr. or S2l0/yr. 

In addition to looking at general water use and investigating 
methods to achieve reduction, we will also be comparing farms for 
energy efficiency as some farms are using heat exchangers to 
recover heat from the bulk tank. Results for energy consumption 
in relation to hot water use are given for two of the 
participating farms in fig 5 and 6. it is apparent from these 
figures that heat exchangers offer substantial energy savings. 
Ron Forbes, who has a heat exchanger is using 47.7 kwh per cubic 
metre of hot water. Bill Weiker, who is not using a heat 
exchanger, is consuming 75.0 KWH per cubic metre which is 36% 
less efficient. 

Research in this area will continue in the following year. 
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POTENTIAL METHODS OF REVEGETATING THE KAM-KOTIA TAILINGS SITE, 
T1MMINS. Kciih Wimcrhaidcr. Biology Department, Laurcntian University. Sudbury, 
Ontario P3E 2C6. 

The Kam-Kotia mine/mill complex is located 15 km northwest ol Timmins. Following closure in 
1972. the properly reverted to the Crown without rehabilitation. The area requiring revegetation 
is a sulphide-rich, acid-generating tailings deposit covering 275 hectares, including impounded 
areas where the tailings form a consistently deep layer and non-impounded areas where Ihe 
thickness of tailings is highly variable. Acid mine drainage from the tailings has a pH of around 
2.5, and is high in arsenic, zinc am) copper. 

Prior studies (e.g lhat by the 0. Comne Consulting Ltd (1987)} recommended sophisticated and 
costly solutions. In 1990, the author was funded by the Kam-Kotia Steering Committee to carry oul 
a number of small-scale trials employing varied "low-tech", low-cost revegetation techniques. 

MATERIALS 

a. Growth media and base materials 

Pit-run gravel was used both as a growth medium and as a base material. "Loam" - an 
approximately 50:50 screened mixture of "red loam" and "black loam" - was used as a growlh 
medium (although red loam was also used in some treatments). 

Peat moss was either used on its own as a growth medium, or else was mixed into the upper few 
centimetres of the gravel, where its function was to improve moislure-relaininfg capacity and lo 
provide both a nutrient source and a nutrient-adsorbing material, Bog peat served both as an 
oxygen- barrier and as a base lor living bog -sods collected at the same bog. 

b Neutralizing agents 

Ground Oolomltlc Limestone contained 2% calcium and 12% magnesium with a CaC03- 
equivalem of 101%, li was ground such that 5.4% passed a 100 mesh screen and 100% 
passed a 1 mesh screen. Unless stated otherwise, the application rale was 4 t/ha (1 .6 kg per 4 m? 
plot). Sewage Incinerator Ash is a by-product of a Toronto sewage treatment plant, in which 
Ihe sludge removed during the treatment process is burned. The major constituent of (he ash 
(38%) Is a calcium magnesium phosphate (Ca7Mg2Pe024). Unless stated otherwise, the 
application rate was 2 tma (0.8 kg per 4 m 2 plot). Mart was obtained from the Pup lakes 
(formerly Twin lakes) area in west-central Thorneloe township. District of Temiskaming. ll 
contained approximately 87% CaC03 and 2.2% lvtgC03, Unless slated otherwise, Ihe application 
rate was 4 t/ha (1.6 kg per 4 nfi plot). 

C. Fertilizers 

A 6-24-24 agricultural-grade fertilizer was used at a rate of 400 kg/ha (160 g/4 m 2 p1oi) 



d. Planl material 

i. Seeds The grass-legume seed mix had the following constitution - : 

Agrostis giganlea Redtop 10% 

Fesluca aruntimacea Tall Fescue 3 0% 

Pnteum pratense Timothy 2 0% 

Poa compressa Canada Biuegrass 10% 

Poa pratense Kentucky Biuegrass 20% 

Tritolium hybridum Aisike Clover 1 0% 

' Seed ol Sirdsfoot Trefoil (Lows corniculatus) was not available al ihe lime, but will be dormant- 
seeded onto the plots in the late fall of 1991 . 

The seed mixture was sown a! a rale of 30 kg/ha (12 g/ 4 m 2 plot), and lightly raked into the 
plot surface. 

ii. Transplanting stock 

The following plant material was collected Irom acid, metal-contaminated soils in the Sudbury area, 
where there was some evidence of their acid- and metal-tolerance: 

Tufted Hairgrass (Deschampsia caespitosa) 
Redtop (Agrostis giganlea) 
Wool Sedge {Scirpus Cypen'nus) 
Dwarl Birch (Bstula pumila) 

All samples were collected with a large portion of native soil attached lo the roots. 

METHODS 

a. Seeded Plots were set up on the well-drained North Impounded Tailings. Their dimensions were 2 
m x 2 m, with a 0.5 m sloped buffer zone. They were set up in triplicate, using a randomized block 
design. Plots fell into three categories: 

i. Direct amelioration of tailings. Current Knowledge of the chemistry of Ihe tailings strongly 
suggesls that direct revegeiasion, however effective Ihe neutralizes will not succeed in the long 
run. It was lelt. however, that this hypothesis should be checked experimentally. Dolomttic 
limestone and marl were applied at 20 t/ha and ash at 10 t/ha. respectively, and raked Into the 
surface of the tailings. 

ii. Use of a gravel covering or overburden. The rationale for the use of coarse gravel as a 
covering for Ihe tailings is based on its porosily. Upward movement of acid ground-water by 
capillary action is low, and acid ground-waters are easily washed out by rain. Disadvantages of this 
growth medium are Ihe low nutrient content and nutrient-retaining capacity, and the low 
moisture-retaining capacity. However, past experience has shown it to be an effective covering, 
both with (Spires, 1975) and withoul (Michelulti, 1974) a loam covering. The plots were 
construcled with gravel alone, gravel topped with commercially available peat moss which was 
worked into the top 5 cm of the gravel, gravel topped with locally-obtained red loam and gravel 
topped with the "loam" described above. Oepth of both gravel and covering (where employed) were 
varied. In each case, one ol ihe three neutralizers was raked into the surface, along with the 
standard fertilizer. 



L ^l S ! aS t d "" 3 ,l°T cove,ln ° ln B8ch cas °. °"e "I Ihe three n eu i,alize,s was raked into 
lite surface, along Willi ihe standard fertilizer 



b Iiansplanl DlOisJell Into Ihe tallowing categories: 



L„ DI J e f , ^ 1,n . SP " n, f j Polenliall l' lo ' 8 """ Sudt »J'y P'a""s were transplanted. Jr. a block ot High 
!aX,gs ^ V,n9 ' M ,fealmenls ' u "" ea '^ WHI'ngs. limed .ailmgs and grave! ve, 

II Plots involving the use ol a living bog-eod cover. In these plols. blocks o( bog peal complete 
wtlh living vegetation, have been placed on lop ol It.e tailings. In this case no neuiraXon 
e.l ,.»l»n or seeding was carried o u | since the inianllon was To nave the t^g pC st, rle « n"e 
pea. block whrch wll itself Impede oxygen peneltallon and ladings orrldatron Native pea, Iron e 
bog was also used to lortn the OS m shoulder. ^ 

tf^T^r" P h » ,o r «P hlc >™°"* ol ihe plots was oblained several limes during the summer 
ol tn 9 , _Solt .ample, were oblarned (™.n Ihe surface 10 cm of each p(oi on a weekly bas.s and 
analysed lo, pH and mo.s.ure cooler,.. Bloma*. was determined in August by ■ halve? ™ , e 

^sr;:;:e 5 ia,'an 3 a c , h yst:' ^ ' and * fi c ™ — « sa ^'« -■ "™ * 

RESULTS 

a SeeiteuTtots 

L Bare lalllngs As predicled. there was no plant survival on directly treated olois alll.ounh 

^L^frr 9 °r m,n ?V\*" d Sh °" l8 ' m « rowlh - B * lilB lim ° ™»"°""0 began in May fc! 

Ingure i! " * ""■ ,hB PH " M a " eady *<"* '° W ' and ' d8s P" 9 HucluwSn,. it remained so 



Figure 1 - pH dynamics ol direclly-Uealed laillnos 
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ii. Gravel-covered tailing*. On gravel covered tailings, biomass production was tow, bul 
survival was, in most cases, reasonable. As shown In Figure 2, biomass production was somewhat 
less on IS cm ol gravel than on 10 cm, bul not significantly so. 



Figure 2 - Ellecl ol gravel depth on biomass product! 




8 



o 
m 

15 CM , CM 

DEPTH OF GRAVEL 

Bars bearing the same superscript are not significantly different al Hie 5% probability level. 

The reduced growth on lite deeper gravel was presumably due lo greater exposure, both in leunr, "i 
drying and ol wind borne tailings abrasion. Figure 3 shows comparative moisture levels al a riiy 
lime and a moist lime, respectively. Moisture contenl Is consistently higher In the 10 cm giavel 
plots, bul the difference Is not significant statistically. 

Figure 3 - Surface moisture In relation to gravel depth 
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Figures 4 4 5 show the changes in pH lha! occurred in the lop S cm of the gravel plots. pH dropped 
sharply al (irsl , bu! levelled oft between pH5 and pH6. There semed to be vary tittle dilterenee in 
pH dynamics belween the 15 cm and 10 cm gravel plots , 

Figure 4 - Surface pH dynamics in 15 cm gravel plots 
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Figure 5 - Surface pH dynamics In 10 cm gravel plots 
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iii Gravel-covered tilling* with pent worked Inlo eurtice. Contrary to Ihe situation 
described lor pure gravel, growth was better on 15 cm ot gravel with 5 cm peat worked Inlo the 
surface than on 10 cm with the same amount ot peat (Figure 6). 

Figure 6 - Blomaas on pest mixed Into gravel 
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II is possible that the greater proximity ol the peat's capillary enhancing properties to the tailings 
surface led to great upward movement ol acid In the shallower gravel, a hypothesis that Is supported 
by Ihe pH trend shown In Figure 7. 



Figure 7 • pH dynamics on peat-gravel plots 
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^?h^'.?" to " m -°° v °'« d ,a j lln OS. * gradual drop In pH occurred, but only in the plol wllh a 5 cm 
cover d>d Ihe pH drop betow 6.0 . This Is Illustrated lor the mart treatments in Figure B. 

Figure 8 - pH dynamics on marl-treated loam 
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Figure 9 summarizes blomass production on loam. 



Figure 9 - Biomass v loam depth & neutrallzer 
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v. General 



T 9Ur !LiI 1 . Sh( ? w * T n T* {uf * ISVBlS of ,he di " 9^e^, cov » r » <° f IW« ol ">• *W™er period. Mot 
surprisingly, loam has iha best moisture-retaining properties. 

Figure 10 - mean surface moisture, June 26-Sept 13 
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TYPE OF COVER 

Bars with the same superscript do not dWer significantly at the 5% probability level. 

From Figure 11, it Is clear that Block C. which Is located within the shelter of dead treetops has a 
more tavourable environment than the other blocks. It Is also clear that a 15-20 cm laye^ol loam 
is likely 10 give the best btomass, with 10 cm ol gravel covered by 10 cm ol loam the second best 



Fiflur* 11 - Treatment A 
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Future observations on the upward-movemeni o» acidllled tailings water will probably determine 
whether the gravel-loam combination Is Indeed preferable to the loam atone. 



b- Transplant Ptols 

I. Direct (ransplanl ptols. No quantitative data are available at this lima, but It can be staled thai 
was a flood survival rate overall. Dwarl Birch was most succeslul on the North Unlmpounded 
si e, and Wool Sedge on the molsl Soulh Unlmpounded site, Tufted Hairgrass and Redtop did well in 
all sues. A quantitative assessment will take place in 1992. 

ii. Bog Sod Plots. All boo species remained vigorous. 

CCNCLUSCNS 

While one yBar is too short an experiment! period lo be able to draw firm conclusions, II appears 
lhal it may be leaslble lo use of a cover materiel to revegetaiB the well-drained portion of the Karn 
Kotla tailings. Preliminary results suggest that a loam covering or a gravel covering topped with 
loam would be most effective, but at least one more season of observation will be required to 
determine the relative vutnerablllly of different cover combinations to upward movement of acids. 

The use of metal-tolerarrt transplants Irom Ihe Sudbury area also shows some promise The bog sod 
transplant approach also shows promise, bul it Is probably neither economically feasible nor 
conservattonally desirable to use this technique on a large scale, unless plans to develop the 
horticultural peal Induslry In Northern Ontario come lo fruition. 
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SOLID WASTE PRODUCTION AND MEASUREMENT IN 
LAND BASED CULTURE OF RAINBOW TROUT (Oncorhynchus myklae) 
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John Van Vow*. B.Sc. 

School of Engineering, University o» Guelph 
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ABSIBACI 

Solid wHti Is produced In land bated trout cuttura In tha lorm ot uneaten and undigested teed 
Undigested leed Is equivalent to approximately 27 grams dry matter faecal waste par gram ol dry pelleted 
ftah leed. Al this rale of production, dlalrlbutton between suspended and settled solid wastes Is variable wtlh 
total solids equivalent to coneentfaHona of 100 ppm or less In the Row through fish rearing tanks Higher 
concentrations occur when tanks are cleaned, and generalized estimate ol solid waste quantities due to 
unealen lood are not known At concentrations o( 100 ppm and less, Individual solid particles settle Initially 
as discrete particles wrthout Interference between particles In Type I settling. Subsequent Type II settling 
occurs at concentrations increase with depth, followed by Type 111 and Type IV settling whan compression 
of settled solids produces concentrations of 50.000 ppm. Four types ol settling were Investigated using 
fresh laeces from 300 gram (0 « pounds) rainbow trout held al a stocking density ol 3S kilograms per cubic 
meter (2 2 pounds per cubic loot). Type I and Type II settling were observed to determine that 90% ol imilal 
concentrations, at 30 ppm and less, settled from suspension m ten minules or less. For slrnJar Initial 
concentrations Type 11 settling was observed In Imhott cones and resulted In flocculated concentrations In 
excess Ol 20.000 ppm wtthln 20 minutes. Subsequent Type 111 and IV settling produced concentrations In 
excess of 50.000 ppm within one hour The preceding experiments provide Ihe basis for current 
Investigation of Ihe settling characteristics of solid faecal waste produced by rainbow trout as Ihey grow from 
an Wttol sUe of 26 grama (9 ounces) to 250 grams (0 6 pounds) Results wHI be applied to the 
development of design guidelines lor sedlmematton tanks required at different stages ot fish growth. Both 
ongoing studies and prerequlslle Investigations are lunded by Tha Ontario Ministry of Agriculture and Food 
and The Ontario Ministry of The Environment. 
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SOLID WASTE PRODUCTION AMD MEASUREMENT IN 
LAND BASED CULTURE OF RAINBOW TROUT (Oncorhynchus myklas) 

Peter S. CWsholm, P.Eng.", Norbert W. Schmldtke, P.Eng.. 
John Van Voorst. B .St 

School ol Engineering. University of Guetph 
Guelph. Ontario NIG 2W1 

BACKGROUNO AND OBJECTIVE 

Undigested feed and uneaten teed appear as solid waste In land based trout culture. The quantity 
of uneaten feed differs with feeding method but generalized estimates of solid waste due to uneaten feed 
are not available Undigested feed Is equivalent to 26 lo 0.28 grams dry matter faecal waste per gram of 
dry pelleted (ish feed (Wlloughby et at. 1972; Winder et al.. 1978. Butz and Verts - Cappell, 1962; Clark et 
al 1965; Farrell. 1990). 

Waste solid particles that are heavier than water can be removed by gravity settling in controlled 
settling zones (Wheaton, 1977; MetcaJf and Eddy. 1979; Boersen and Wester*. 1986). The primary purpose 
of controlled settling Is to produce a clarified effluent from the controlled settling zone, but the production 
of a sludge that can be easly removed and disposed of Is also necessary 

In the case of municipal sewage, design of settling works Is based upon theory about four distinctly 
different settling processes that occur m the treatment of municipal sewage Individual particles in dlute 
suspensions settle as discrete particles, ki Type I settling, without |oining of Individual particles lo form 
coalesced floes. Floes have greater mass and higher settling velocities than Individual particles and settle 
more quickly as attributed to Type II settling 

As coalesced floes settle downwards, concentrations Increase and Interference between floes occurs 
al concentrations between 2600 and 6800 pan's per milion (Fair at al, 1 968) At such concentrations settling 
velocities decrease and Interference between floes results In mass settlement distinctive of Type III settling 
In Type IV settling the concentration of Interfering floes increases, structure Is formed and compression of 
settled solids follows as solids ate continuously added to form concentrations In excess of 50,000 pan's per 
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Concentration of solid waste In tha Dow through trout rearing operations Is variable over ■ 
representative range of to 104 parts per msllon having an average concentration of T parts per million 
(Uao. 1970). At such low concentrations Type I seeding would Occur during Initial stages ol irte settling 
process. 

Thomson (1986) and Stechey and Trudell (1900) Investigated the settling characteristics ol rainbow 
trout solid waste mhced In suspensions »t Initial concentrations an order at magnttude greater than the Initial 
concentration* observed by Uao In 1B70. The studies by Thomson and Stechey demonstrate me 
occurrence of Type II and Type HI tattling of solid waste from rainbow trout Evidence of Type (V tattling 
is available from studies by Boersen and Westers (1986) who report settled solid watte concentration* In 
excess ol 50.000 parts per million typical of Type IV settling 

The preceding Independent studies show that the lour settling processes In municipal sewage occur 
In settling of solid waste from rainbow trout. However, the ctwactertsllcs of process In each of the four 
types of tattling of rainbow trout solid waste are Imperfectly understood at this time. Also current studies 
do not Include application of proven experimental methods to the analysis of overall process In settling of 
solid waste from rainbow trout 

N It not evident that known experimental methods can be successfully applied to the analysis of 
process In settling of solid waste Irom rainbow trout. Nor Is K deer that existing settling theory can be 
applied to the design of settling works In land based trout culture. 

The objective of this study Is to describe a preliminary Investigation of Type I, II, III and IV settling 
of solid watte from rainbow trout using current experimental methods. Experimental results wiH be 
Interpreted tor application of existing settling theory to design of settling works In land bated trout coBure. 

METHOD 

Fresh settled faecal solid* were collected horn rainbow trout (Oneorhynchut myklts) ol average size 
300 grams (0 66 pounds) held at a stocking density of 35 kilograms per cubic metre [2 2 pounds per cubic 



loot). At this density bf eakndown of faecal petals due lo fl*h movement was not evident. Solids settled to 
the bottom of the holding tanks and were captured In templing hopper* el the bottom of the tanks. 

Teste for Type I and Type II settling were completed ki a settling column 1000 mm (39.3 Inches) 
deep and ISO mm (6 Inches) Inside diameter. CHule suspension* at unKorm Initial concentrallons of 15 lo 
30 parts pet million ol fresh faeces were sampled el one minute Intervals from a aampllng port at a depth 
of 750 mm (30 Inches). Conventional methods (Camp. 1946) tor the analysis of Type I and Type II settling 
In municipal sewage were applied lo calculate settling velocity ol solid particles, at a depth of 750 mm, In 
relaiton to Ihe concentration of particles remaining In suspension at a depth of 750 mm (30 Inches). 

As background to analysis of Type III and Type IV settling, dilute suspensions al uniform Initial 
concentrations of 1 5, 20. 25. 90 parts per mlllon were settled In one Ikre Imhoff cones. These tests provided 
estimates of Ihe volume occupied by the uncompressed settled solids, and Ihelr concentration at Ihe 
Iransltkjn between Type II and Type III settling 

Guided by results from the Imhoff cone tests, concentrated suspensions at unrlorm concentrations 
of 19.600. 20.200, 21,800 end 24.100 part* per mWlon were observed lo settle In a 300 mm (12 Inch) 
graduated cylinder Rata of settling was determined according to observed downwards movement of ihe 
Interface between 'deer* liquid and concentrated solids below the Interface Observations were analyzed 
according lo the method developed by Talmadge and Fitch (1955) for differentiating Type III and Type IV 
seitling of solids In municipal sewage 

RESULTS 

In the tests for Type I and Type II settling, standard settling column analysis of dlule suspensions 
was limited to observation* at a single depth of 750 mm (30 Inches). Results were analyzed as proposed 
by Camp (1946) for municipal sewage, and showed that the concentration of suspended solids decreased 
systematically wflh lime Settling was rapid with removal of over ninety percent of suspended particles wBNn 
ten minutes The corresponding average partlde settling velocity was .1 metres per mlnute. 

Consistent with results from lha Imhod cone samples, tests for Type III and Type IV settling were 



beted upon suspended solids concentration* In the rsnge 19,600 to 24.100 pert* per mtUon Initial 
concentration. Result* were analyzed as proposed by Talmadge and Filch (1955) for municipal sewage. 
For the lest range In Initial concentration, the Initial settling velocity remained constant tor approximately 
three minute*. The observed range In initial settling velocity was 4.3 to 2.1 metres per hour and Initial 
settling velocity decreased with Increasing Initial concentrations. 

After approximately three minutes the tewing velocity decreased systematically In all cases. By 
fifteen minutes the transient settling velocity was reduced to neeriero constant rates thai occur during 
compression of settled (Iocs. 

DISCUSSION AND CONCLUSIONS 

In this study, current methods tor the analysis of settling In municipal sewage were used to 
Investigate settling In diute and concentrated suspension* of solid waste from rainbow trout. Settling of 
dime suspensions was examined by conventional settling column analysis which Is based upon theory 
about Type t and Type II settling (Camp, 1946). Analysis produced estimates of percentage removal of 
settled solids In relation to depth and time, and estimate* of particle settling velocity These settling 
characteristics determine the design of effective settling tanks for removal of solids from effluent of land 
based trout culture operations 

Settling ot concentrated suspensions was analysed according to methods proposed by Talmadga 
and Frtch (19SS) for municipal sewage Thi* analysis is ba*ed upon theory about Type III and Type IV 
settling and establishes relationships between settling time and resulting concentration of thickened settled 
solids deposits Thickening characteristic* of settled solids deposits determine the size of settling tank 
required to produce opttmum concentration* In compressed solid* for efledlv* removal. 

Results (rom the study are preliminary a* they refer to a specific fish sire socking density and diet 
Within these constraints, currant theory about settling In municipal sewage can be applied lo determine the 
settling characteristics of dluta and concentrated suspension* of solid waste from rainbow trout. These 
settling characterlslic* determine the basis lor design of effective settling wortr*. 



According lo the results of the preliminary study current experimental methods will be applied to 
determine rhe uttllng chareclerWte, of wild faed waste produced by rainbow trout M they grow from an 
Initial lb* ol 2S grama (0.9 ounce,) i 250 gram. (0 8 pound.). Reft*. wU be applied lo development of 
design guideline, tot .olid, settling and wild, thickening work, required at different Hah ,lz* In land based 
culture, of rainbow trout 
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FkU ml Utxmorr Evidence of In iu. Btocs^urmaooo of TetractuVsroesbrstt id Ether* and Ishane u ■ Chemical 1 rsuslct 
Facilily In Nan* Toronto'. David W. Major and Eric W llodglnl. Beak Conulunu I hulled, 595 Woolwich SlnXL (iuelpb. 
Ontario NIH 1YJ. nl Bartm I. Butter, University of Waterloo, ItertanincsM of Blosugy. Waterloo, Ontario NIL JUL 

INTRODUCTION 

A potential real estate transition Initialed ■ gruumlw.icr InveslJgedini ml! Kit chemical transfer r»i!n» located 
In North Tiatmto 11k fenced facility k cxxnpriaed of small office, butter ml weigh scale building, road with turnabout, railway 
ipur line, ind ahu«- Bid hekiw- ground transfer Unee fllttae I) Organic (niveau lie delivered m the site by nil mi lunlcmj 
by below- in*] above-ground pipe* Id Ibc atove- ground tank farm and eventually id tanker troeka. Bulb Ibe previous and current 
Owners ol the facility stored Hill transferred simitar «|>ok solvents (methanol, methyl ethyl ketone, vinyl and riliy I acetate, butyl 
acsy late ) wilt dm notable eioepuoa Ibe previous owner had stored Ictrichlorwihene (PI 19 at Ibe Hie ippruilmalely 10 yean 
i(i! Preliminary groundwater InveaUfalkni mealed both hw and dissol vc.t PCE, and the dedtltainalian Intermediates ill H'K 
bad contaminated the groundwater below the (acuity. The absence of PCE, or III inlennedtsjet, between the former PCB itMkgc. 
lank ind dc spur line suggests thai imall amounts of free -phase PCI: * ere released during [be coupling and uncoupling of railway 
tanker can. and not from the above (round storage tank 

IWplni lesl dau Indicated thai pumping could effectively contain the dissolved PCK in lite, bul the bydtaulic 
conductivities of the aquifer were loo low Tor the feasible ftpplkauon of pump and treat strategies to reduce source area PCE 
concenlreliurii however, in* preaence of decblonnalkn producla suggested thai anaerobic btotranifornuKlon of PCK might be 
an atirnuaitng meUunlirn. one thai could be eipkillcd In remediating the irte If vinyl duoride (VC) was tax accuntulaiuig At 
> result we undertnok I field and laboratory invesligsum to determine If VC waa being mineralized or bintreiufmiiied to 
Innocuous end products If VC waa being biotnuuformed, we wished to inrkntand (he physical. |eocbemkcal. and microbial 
proceutt ihai pmnrKc Ibe oonvtn»o» of PCE pail VC. Tbli paper prcaenu our Initial field and labontory dau thai provide 
evidence of Ml ill* btotranafiamalkD of PCS 10 ethoje. 

MATERIALS AND METHODS 

Detail! of groundwater Bid aedimeni collet lion. geocaemtcal and |eolu|lcal analyila, nilatiWaJ SASJytll and oitcrocosni 
studies arc presented elsewhere (Major el Hi. I W) 

CewhemanrT Parameters Included in the analyila Included catlon/anirn scans, dissolved « ( anic carbon (IXX). metals, 
alhahnily, Iti. ell. dissolved o« y|« (I) 04, lanpaaoire, b riln>|en ,u hydni|cn .ullMe. V. I -CI easel (methane, ethane, pmutnel, 
volatile fally kI.Is (notably atcute), chlorinated alLanct and alkenea. and water soluble cuuilltuails inch ai ntclhanul. butyl 
aery late and other solvents itcacd ■ Ibe arte (nuundwater Itum aclected monlKjrln| wells were esliauiuvcly eilracled 
(basc/neulntl/ and acid) aid analy ltd by 0C7MS. Analysis (or catlceu and •ntora, alkalinity, hydroien luiridt mclais. and IX)C 
wete ctmducted by Beak Consultants Analytical Services In Brampum, Ontario. Clihusnaied ajkanet, tnd alkenet, cthene. ethane, 
volatile fatty tcklj, water soluble amstii uenls a>.l (KVMS analysis were conducted by Ralpt Dtcfcbnul at Unlvcnity of Waiertua. 
IX-panmenl of Fnnb Scfcncea, Water ku, Ontario Jim Goucn r»f Cornell Uolvertlly. NY, provided conrumatory cbloniuled and 
ethene and elhane analytls u well aa hydrogen |aa analysts 

(•nil'inr Ibe lite |eola|r waa aiietsed lulnj ctaiilnuoui corin| lectin luuci In aelecled kicaliotii. drillen lti|i. and 
downhede |e<iphysk.al melhoJa. Core aniBTlai aiUeoed during csntlnuuui corini opemluas wai lubsanipled for (rain sue 
analysts and f ; _ determinatlms (annlysU conducted by the University of Walaloo). llydro|eoki(lcal data were obuinol fnm 
the she by nttmihly Dieasuiements of the psetcanccrk level In munlhalni wells, well response tests and drawdown responses dun»| 
numpinf 

Aqtitfer SedlmenU. The Waterloo Saturated Sand Simpler (WSSS) waa used to secure and retrieve aquifer lediineius 
recast an area known to have cstncesilnilara of PCE (ISKP 51) The sediments were for use In microcosms and microbial 
assessmcnl Once (be WSSS was brought to the surface, the core liner was removed and quickly col Into 60 to 70 cm lengths. 
capped, and Hie liner oil length wise with a circular taw fine cose was not spilt but wit capped, wrapped, placed on dry Ice and 
etraess shipped 10 Ibe University of Tennessee far phospholipid fatty acid analysis Split Corel were immediately placed uilo an 
aiuemhlc glove boa and sterile tools were used to pan; off Ibe outermost portions of (be con:. The Inner, aseptic core materia! 
was colleclcd and distributed Into Uerlle Whirl Pek bags which were placed in 10 maerobsc Jars The Jars were scaled, men 
rcrwved and stored on Ice for transport from Ibe site to the llolvenlty of Waterloo 

Knonver.il™ of Microbial ropnUtkina. Sulphate reducing and methanogeaic bacteria were enumerated using a dun- 
lube, most probable number (MPS) prcwdure using • modified (Mclneroey ef ast, 1979) Potlgate medium (19*4). All culture 
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Kite* writ Ineubnicd at l«an lempcrature for up to 1 months K(f ihnm*geni weie MiunwriKiJ In ■ 7i*nder and Wulwrniwl (1979) 
rarmrm Modified by 7r\km n at (1979V Total pmisphniiphri were extracted from frown iiihsurfatt icdlmtnta hy • nwdtfkd 
tliiRlr phase chloroform methanol method a* prevfewsty drscilhed ffkrfiMe A White I9ttl. Methyl «im of (he ft*rtj*nlif4* 
)f**^P*»i>JipW fatty arfeK II J A) were amfyfed by capillary t5< ' a* described by IVibtde. and Whhe < 19S0) tod * Jortnl ef at 
( nuA) Analyah of I'll A has been demrmttnted In provide reproducible. ornrMiuilve and tfuallUUive Information of (he Mai 
hliwnass. cinnmunlly luiKture. indl mttrkhmiU Matus of subsurface mlfroor f,antama fflilkwlfl ei of I9M). 

Mkrortnivt siwdJes 

The mlcmrqim fon*taed nf ?fl g (dwi) wdlinnn plw jilte water, *Uh rt without in*e*tdm*Ma. in iktIIc M) ml. 
hypoviirtt After the addition nl sedlinem, each hypovUI wn nikd lo capacity *llh amended or unamended ille water, Healed 
-til a KH-rik. teflon Itwd Tuf-Bond vplum (PJetceJ Hid tbHiilittum crimp teal. Antradfncnu Included PCF, only. IX "I- plm 
mcthanid. It T. |*w ar ««e, or PtT, pta acetate Mkd methanol Ihe amendments were Added to tite water at fiwcenHaikin* of 
1 mi.A. fcw ni; nod V> mt/l. for arMate ** methanol, when both primary auftnamlei weft peeafm; they were added at • 
c KnrrnlfMNHt of 25 m([/1 . each, ("onto*! microcosms were tlmllndy crwMlfucted as treatment mlcnafnarnj and romhicd of: PCF,- 
Jl/i cinEnih ciaMainlnr. iwtty Pf V, In rlnlle, dklMtal water; antiabtvedr'pnlinned romml* containing IVK.and dissolved my ten 
ciw*n»H comamm*. 11 !■„ sedtmeM. and the water 

I ipm removal from ihe ffcivrbni. the trmpfectrd mscrncnrai* were Inverted and placed Into- argon filled p*bn. em 
equipped »*Hh (tatPak 1'hift Il/C'il, Renr-rah* envelope* (DM.) Ihe cant were sealed and Incubated at IOC IVrtodfcalty a tel 
n| mfattwrttrrt wm remnveil from the Incuhatoi, warmed to p^i tempeririuit, a»d »aerif*ced for «n*ly*h Ilath treatment utnple 

piiirM i^ the inrnn rr^wlt frran three rrplk'tfe mkrnoitrin 

f'kM.rhe r nln lk^ cron atcllon (Tlpirt 2) alnnf, Iraovrl A- A' (ri^ure I) inasrwci* the **« nrf IV'H cnniambwtion and 
p.iofleK ihe Nl : m. SW dkecrkw ol ponundwatet now. Ihe an^iy h mmpmed nf chiy till (upper clay) untJeilain hi order by 
n *^nd %k\t mill tiipprr iwnd/iH**. chy wM r*owtr clay), hiyeird randAH* wnK fhrwer wbtVjMU* anJ bedrock The »rreT clay onrt 
I.-. ivra.ikrip'ii. nnd frartineil and cormtm numermn abtkI and illt tense* and Mrknjter^ of uncertain lateral eaterri. 

IHttftlved i iilirmmrd i*r"«K s hnvr hrrn drlcrled In tri^mil water -utmpte* oillerted TriAi nHmimrlni, welll ImtalkN) In 
fir- ii|fn--i uhhV^IU mul upper rtay vnMx I rreptuiw Pi 'I" was nb<M«rd from (he rannhtitring well I T\ \ InrtaJled hi the upper day 
Ihe IrTwrr clay nrth h very miff and appean m he a competent wpiltard Ihe lower unnVnlli unit appe a red lo he vncnrrtnminatird 
I he hydraulic inhhIik Oviiy nf die upper clay «nl( wa\ e^Nmated by f riln sire analyils hi he l» the ranjie cd 10" trv 10* cnVt My 
fiKHivl, ilw lower itatinVsHi layer hadhyitratdk cooductlvHIeiiof t()"ln 10'cnVs in the northern porlkMi nf thts unit, and Kl'cm/S 
in ihe central art* ** determined by rr-tporne arsti l>dfrrence!i in the bydrtiilk cnmhiciUiiiei affect, the ibuo nf vrrttral to lateral 
yiMumf* aiet flow and rejortty (1'Vf,iare 7). <ienet»lly, gmwidwairr fknr wm fmert MR K» SE with a hottHHHal velocliy ht the 
crmral area of 0f)2 tn 2 m/y. 

Mniiiiroimi. wells were located wldiln the upper "mlMIl and upper rtay vnlu at uppniilnrrtle drpthr i>l 3 and 1 n\bi* 
Hie jteniltr-rhkal n-snFrs presemed Uv\n on ftnmplra collrtted at 7 rnbji mimlltirlnf well* bria-jv (here were mure MfhpHtif. 
I--H.M a«vl yreiHer hyd'aidlc tntuhicdvlfy fand drnt pmviilwaiei velnrtty> at dtlt tleprh Ine dMrihsHfcin of ItT. Ifl*. clKlf. 
atmI vi i\ *%\m _1a, b. e, d, letnevdvely) ihnw nlmllM brieial eik-nl ciXT. war fiwnd in he ihe predominant lunner id IK1: 
i ifn-.iii.Wniri ^iiiiplrs inm ISRI* <*■ 1 h*i rtrtrcijiNr rflocemraititw <M c I x I ll lamr fe), tndtcatlnf ll hjut rolg rated further down 
t/adSml Ihe additional lateral eitew trf cl K T, a* ccmipBrfil to rtT. and 1 < lv, could he attrthiited lo difTerenrei In Ihe h>f K w 
id thcic ci«npo»fidr Ine hm *t_ id Pi T, and 1(1; we 7t> ami 2 S, rr*pecdvely, whereas the k^ K M rtf fl»("| m I 9, Ihe k>* 
K_ rd Vf ' ffl 9| H «b* lnwr-4 rd the rf»lnrm«ed ethene* and thrw wr»»ld be eipecied to hare a |fe«eT ImeraJ dKtithwtkni Stnee 
VI * did mi luive a f/ealri lateral dtmrihuihwi. ll Is pn*ibie thai V(" la under |irin| an addlUooaJ barMfitrinalhn siep 

We suspect Itut free-product CfKhad mlfiaieil almrji ihe spia line f,rivel pack and found at IcaaI iwh pninis id entry 
irtin ihr wpiifer- one centred m PW-I and tTl-ti and the other on tTl..| (Flfure Sal l-'itrthrr. distinct hktlofkal activities 
apprared In be assoc ia t e d win each rentre of es^marninaik* Ihe samples eoltected Itoen PW-I had a higher ctXT-I concentratina 
f^MtimgrtJIhnfiihcasnr^iHrafkficdn MT. (0 440 mt/l . and I ln^ m*,fl., respectively!, wheiras aaroptei from (Tl, I 

ktst ttiulhr crmcenindliww nf cDC.T. ami RT. ^ all and 4 17ft m^., rerrweiWely) and a lower TX'.E corcejiimlkrn ( | fiM nit/I.) 
I lie samples from ISHI' V I eiMNtod • trend rMla- lo thM nf PW- 1, with an elevated riXIK cwasrxrrtranon f7ft 4B0 m«/l J as 
cinrupjweitttieflheT 11.1; and HTf, which were nca detecied i< OtXIOl mfft.) The cnncenfraika* of VC hi groundwater tamplet 
frmi, ISHI 1 ^ I (9?l2mgA.)andrW-l 11 l^-J r»a>1.y *nr hifher than in |frundwaier wnot« from Cl : iA ifl ?2» my.1 t 

Ihe [FMimlwiKer sample from Ol. 1 h*l ■ k.* r? eilwi»e cnnccntratkHi ( .020 m(fl..> compnred m ethene n^Ken*mitim 
41 ipiir 4ai in umpirr Oom ISR1' M. ISHI* 4 -I. and l*W I 40 421 m$A-. l« mafl , and 0.27* m*yi„ respecilvtly) Ihe hlah 
edirne owMcntraihn In santpfn from JSfff 4 1. Amfded with ihe Ifera: of mher chhwhnrted eihenei, Indkmei that edmte hm 
nntrared from (he mxirce Men near I^RP 5 I and PW-I (llfnre 4a). h'thwne w«a delected only In ■Mnr/latk*! with etliene. hut 
at very fciw cnoceniinihins (ISRP 5-1. O0*0m|fl,; PW1, fl(H0m(ifl.} MelhJinol was found at (hit fttmierardih: kveHRfure 4b) 



only In tr.Hindw.iri samples from PW I (a 10 tug*,,) and ISPP 5< I (3 mgA.l, tad was also delected In gri»mdwaict samples taken 
hum wtllt lucued In higher Hieiigranhk umtt In the uiik un (CI 3. 10, m oci/1., 1SRP 5-2, 40 uit/L, nd IS HP J ). 1770 
|>>|/I.) Mcihaiml ••> noi detected la groundwater samples taken In die vicinity of OEL-1. Acetate, ilihou|li store wkfcly 
attrlhoiei! titan methanol. Kill tprtart k> originate from around pw. 1 nd ISRP 3- 1 (Figure 4c). Ii wu delected In jnundwoie t 
itniplet ulcn from ISRP J-l (430 mi/D and PWI (7)5 »|AJ, but not CEL-1 Methane (data nut shown) wu delected 
ihrnjghuut dw tint and did nul appeal lo be cotretalcd wka previously presented parameters. Sulphate cncrcejiiradoeo lenetally 
decrease In lite central area of chlorinated organic cc«lamirtatloo at the 3 mbga level pin map (date not shown). At 7 mbgs 
sulphate ciinctnlrauiaH are low In taroples froni PW- 1 (< 10 rng/1 _), but mc significantly (ruler In samples from ISRP 5 1 (230 
m(/l.) fnlnride cnncenliMliau were elevated In groundwater samples taken from monitoring weld lipc.ted In die cotliniinalcd 
rones Slev.ted tJikirlde levtli In groundwater samples could result from dechlorination of PCE nd la daughter products Ine 
chtnridt phjme overlap! (he chlorinated otttntr; contours and Ii distributed further down gradient fTlgure 4d) Hie luiliew clikiride 
concetHmlnni were observed hi praadma sample, taken Horn PW I and ISHP 5- 1 (360 nd 380 mi*., respectively). I lilnnde 
cevactnuatiiHit outside (he ornitntlnated area where typically In die 10 mg/1. ranfe. 

l-aboralurj 

KnunttraltMi of microbial pc.pul.llnn. Viable sulphate reducing and meUianogeiik: populations Hie delected in die 
collected subsurface sediment based upon both cutiurtng and nhuspriuliptd analysis. Melbanogent were estimated lo be less Hun 
40 MPN pet gdwt with Ibe various substrates (acetate, 4 MPN. methanol, II MPN, 11,-CO, 39 MPNI Sulphate reducers are 
presern at .pororiiiuurly 11)1)0 to 3000 MPN per gdwt soil (acwale, 1401) MPN, laclafe 3600 MPN) 

PI I A analysis fl able I ) of it* core material Indicated dial Ihe mkioMal cummunlly Is sparse (1 to 3 i 10' hatter inrgdw 
bawd on Ifl pmole of fIJA * 10" bacterial, anaerobic as Indicated by die dominance of anaerobic doaturaac phospholipids 
fiiuatnutc u»7.l6 and lis), ratdranfnandy (nam negative liauo of PIJ : A In LPS lipid A hydioiy fafly Kids), aid tuctscd 
<fyl70l Itvlderice c>( sulriialettctuclng bacteria iSRhr was die presence of shut chain saturated II PA Hie detection ol 117 1 
and 117 PI PA were Indicative of Dtsut/mtorio. end ((melts I Mend »■ dried km of (OMelafl) PIJ'A Indicate the presence of 
frtlutfotKltlrr I he hlontau of SUB as rutmaied by ptnoic of SRII PI I' A (assuming 10 prnole Is approslaitlcly 10' hectrtul celii) 
was eonivalcw to SR B estimatet by MPN ln^rei. ,.) ethers, wbidl woold asdicMc melhanotrni, were not detected at dm low 
density of cells Inese data iu t |ei! that neldtsr niltdiatc rcducen nor melhanoteni comprise a slgiiiricaril pcopmlon of Uie 
mlaobla] hli'irtast In the sediment. 

Microcosm ahtdbi. INtr|lng site troundwatcr to rerrmve residual habcarboni was not entirely successful labie 1 lists 
the ludocarrnm content of the 3 ueaDnem flasks of site iruundwaiet used to prepare the various microcosm Ueaunenu AM but 
the unamended water rtcclvcd 3 mi/I . added V\ K. but no uther halutenaled compound llowtvcr, residual halocairxm. ptlnclpally 
clat'l: and eicess KV, renajned llnarnended water. [ortmnpSr, was pureed fot approilmalely 74 h, but contained 24 mi/1, 
clX-r: I ow levels of VC were detected to the put(ed fftrundwatif runlainmt cWCE Since VC Is a highly volatile cmnpoond. 
we can only esplaln Its presence at fesaikrni Irom abuMic scactlons of residual batocarboets with Iron cooipletet I Vcijtl ,i d 
t»»7l « inkuaViat aflivlty may nave occurred in (he unMrriliml |roundwater after tampllni but prior lo analytit "Ihe difference 
between die ludircaihon concentralltns n Ihe ueatment Oasis f table 2), and day aero of the nlcwcosnu (Tabfc 3) Is atuibutcd 
n. volMlHratim front the t** dMln| iMtpecairaj of the emended iroundwalee However, die coocxnuatlon of Pi 3: delivered to 
the ntkiwiunt appears to be cimstani over the ailancnsai consuvctlon period This ll evldeol m the sterile POM 1,0 and If'li. 
soil ciwtuil nitmnanu (I Igure 3>. Ihe cimsimclkm Ume difference between the day and day 143 mknictKiHj was 
apraoilinalely one Iuimi. however, the conoenuukn ol li:K In these mlancoams It rcladvely tuMe over the 143 day krcuhuiiim 
pertMl 7ne aquifer sediments did not slfnincantly cmuibulc lo Ihe day balocarbia crmceiHtalkns In Ihe microcosms because 
sediment samples collected from the central area did not have detectable cin*enliat i:m of sorbed halourbons (dilt not sfiowiil 

Mionbtolodctlly active mtarrami were successfully contuucled fium die collected subsurface material, as methane 
evolution and changes in Ihe halocarbua species and conceiHratlons were evident to active microcosm treaunenu. but ma in the 
nii-llgf) it Ihe •uHcUvoUpinsoned sterile controlt (rigwt 51 (lie decrease In PO- concentialion In [he autodavrd/rwisnied 
contridt may refltel IrrewriiBle sorption of PCE hi the sediment 

ligure » demonstrate* biologically mediated train formal Ion of PCE In microcosms amended by PCK plus 
acetMe/miluinol The same general Iransformalloa pattern was observed in all active (I t . muvsterilc I mlcniCDSms (Table 3) tjver 
lime. WT, was dcchlortaaled to TCE. shea clXlv VC. nd ftnally. in moat Instances, lo ether* The transfimnssion pattern 
appear, strictly seuuenllai. Small amounts of lIXT: and I, l-DCB welt delected In some sell ve mtooctssmt up to day 46, but these 
were minor In comparison hi Ihe cDCe levetl encuunleied The prevalence of ellCE Is In atreemem with others (Parv.it k lage. 
19(15, SctuiU MuratiiMMi « of 19901. In mlcrocscmt that contained initial concenlratlcmt of cOCri. Ha concentration renutned 
unchanged while IKT. decreased nd TCE Increased In concentration Only when TCH was being depleted ilk] the clXT= 
concemralhui rise ( I .We )y This pattern held for each successive dechlorination daughter product. Ihe rale of riroducl fonnaiion 
and transformation also slowed as the lest chlorkitwd raoducu aroeated 
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^T- !f T^JS **" '"* «*»*-*<" <* ***l»to«*. a4» to a—fed tr.aad.aa -d Mu ir« laid. 



* •— ~~— »™ m nnnnnii pnuacti to aai.illil tnmahrHa aad Wuifer ti4ida 

^^.kJZJT^t t ^ n " M *f too *» - « -»*H aortal arthod, PCE ad TCH ant li comfHady dedkOam to 
rSIaC ^T n T" OT ^ PCB •»* VC a CO, P„d— . ^ Om <,»«») aalad da «„», Tf^ta . 

■"S*" t " C,ro • *™ ^ •*" ^ l a m- il M ll JHl-i aa.ta<d Ua «»«,„ o^^C^Oaat^ T"™,^ 
mettaio!™ ar ptaya, , ma a da oa»B»ia. ^^ ■*"■" 

potev would be e.pac*d » oocw TW, u fceaa. of .« ™«u. Ftai «« b, K^au, dmaaa^lTtn™!^ 

ii.e,cixt, axl VC a die Muitj uk itn»,l, WkMa fl« Jctl>k»»i«toa of tbm cumpounia. 

hfanaq a«™fo™ato. Uadie. of PCE (B-*-l ^ « ^ IK Paaa, rt rf ]«d. IMJ. Paa-TTu,. I9i5) aCS 

tofomaton |H iwl fnwn the n«Jy. tu > andja of «aful raulu aid aadutuat nra ulD «*dreA^ ^^^ 

11a ^*™f °' L ^ CE ta — «»« tofcrocoam protau da aaoaracal coachoioo tha abac amdaoka «» iht 

PCE -HUT* I B u WB | manl a ) e B ^aa«»a nuBeD a,add*^ 



dta«dto.^VC |1 mto ( lk^| wdK»l«li«lQ.rfVCi. a j B w^ orew ^ De^ie li. e^y appe*™»e. eibe« did not 

?"!*— ' J*** "T?*" 1 ■ krD ™ M »■« ■*> • »r *» '«) «-«r » m. cm aw it d!d i„ «i» «!*« po,w« 

WMmenu (PCE only, 0.14 mi/L; PCE plot acetate, 0.11 mtIL; PCE pku acetate ad medium, 0.51 nuj/L; all after day 145) 
•Mhi iuu«i".| that drajkoui da auk. period of nwotori,,,. ma, decoloriartni KdvMy lo die unamended adcrocouu m 
directed toward It* Urf cDCE Mt Tbi. evidence, end me otmmdo. of urict aegueaU dechlcrtru^ of the hJo.enated 

of me htlocarboo pnrtnt-dauilHer product pak la Queidoa i~— — 

Ihe mlowwas eiperianu comlxmn Held evidence that KB dKfclortaaiioa U Wolotkally-driven, an! etbeoc li 
l«*aN,d»;rb^»o« n | ri«^p ro d« fi - ,e W «a, Akhrnth medma. ™ proebwd la all «d™ mlcroo*.* there w« 
^T rt i^^T M ™ lh ~ M,, ^" l * dlk,rt ™ 1 " *»" " Mlt.Mteaa-rfMlaal^tal^matal 
^1°".^^^!^ * ra **" "*"" > KS-lT > KS Pta ««-») and natal. > iuum™ded. llcc^r. if 
ranted In termi of dealorirumon over 145 day. (Indtaaied by Anal tibte. conontloii: .idal halocarbon owcauiaika, ibe 

„„ 1 7 1 "^ "**" *• •dcraoriamimi rapcMiok for dediiurviMla, of PCB » came I. not clear. Fe» tudk. have 
£Tt? - ,r™!^L ,B,a ™'«""— ™ r«*>om*le for reductive detikmiy-JM. Methuojeolc enrichment allure. 
1^1,^* *"" *' dK * tota -' ««t*- k ' <"—« » McQrty 191 }>. CUD ud McCarty ( IM9) bave .how. 

V^Z?£ *,I"'?^ ,,,0,n ^™ l.^l-«**-««--. *o»ta, «lMH,«id. (..,, .„««>. E,U «.l W87) ba,e 
ZTZT du. ctlortruto) eta. a. be dechlotad by Den,)***,., award,*™*. B„ley and Goueu ( 1990) found 
i^ 1^ ™ dnilorl™^ B T^ ^ clXHH ■ erir4»4ed»c% 

, T"" "^T"™ {m7) ,M,d ** D '"«*>^'*' *»A*a« ud two .pecie. of CkW-idfam did no. produce 
a£Mc»l 9-dde. of TCE trot. PCE The «bon .!» .reori urn .btllly of four ^eJe^UlOUa, aedu™,™, «o o^Z£ 
J1L-. I?!*"" 1 ^ """"""t -"• *<»««**. dtd H produce alulfku. qawtrk. of TCE from PCE. but me 
dctfalorlMmn m of *f«W»«rf« f -vi afwartaHurop^felej melhaDe produaloo, aod maalmun, ykld. of ICE 
were obtained wiUl mcibanol ■ oppoaed k> acoalc, r™— ™ T K ™ ™ "-= 

. '" ™f "*■'''■ •• •«* of a nUdoHbip oaweeo exirune pruducdoa aod decWortoatloo. and the Durtod differowi ra 

St^T hch,, ^-*P« ,te l "P" «— • «* «*»)*, *• -edawl- v«™, .xt^-ameodrnmu) » M ea< |_t (a) .aivu, 
"J™**™* «"= >«*rt. «■ M aM^rtly .Hdial.1 d- c««rved d«*lorlin^k» ewtlral^ aM (b) a^ r«rtto of te du!ere« 
eleeaon dmn mricbed dirTenM ■eimeeu of (be microbial population native lo m. lutaurmca aedlmoM. 

IntM porno, and me low populadoa deraKiea of methinoteni and UM a) am «ibiurf« Hamwaa >u|. en that other 
eoacrobe. may be Involved > me decUorbwdo. reacdot. obaerved H iff.. The detectto. of KC4M lo jrommwWH on,,!, 
OMj^Nl |wocen»«lo« of methanol hint, *H ««,„, ma, pUy a. Important Me la the dechlorioaooo of P(T. to elbtnT 
of PCTrrt^mo*,' uuf" ' " "** " * ****** "* " ,0,rak: "■•""■I*"™ dml may be mpomlbl. tor dechlorination 
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Table 1: PFLA Core Sediment Analysis' 





Sample Location 


in Core 


PFLA 


Top 


Bottom 


120 


1.25 


0.58 


il4:0 


0,06 


0.54 


14:0 


6.81 


3.75 


il5:0 


6.87 


5.33 


al5:0 


2.76 


2.46 


15:0 


3.64 


3.32 


il6:0 


0.68 


0.40 


16:lw7c 


16.21 


26.16 


16:lw5c 


1.05 


1.72 


16:0 


30.73 


18.26 


il7:l 


0.00 


0.79 


10mel6:0 


0,88 


0.96 


il7:0 


0.31 


0.44 


al7.0 


0.08 


0.38 


cyl7:0 


9.01 


15.49 


17:0 


0.21 


0.83 


18:3w6 


1.31 


0.00 


18:2w6 


0.00 


0.00 


ilS:/3w3 


0.00 


0.00 


]B:lw9c 


7.47 


9.21 


18:lw7c 


5,98 


2.41 


18:0 


6.79 


6.23 


10mel8:0 


0.O0 


0.00 


brl9:l 


0.00 


0.75 


cyl9;0 


0.00 


0.00 


20:lw9c 


0.00 


0.00 


Total 


100.00 


100.00 


pmcile/gdws 


29.9 


11.7 


LPS Linid-AOH-FA Analysis. 




3OHl2:0 


0.00 


0.00 


2OH12:0 


100.00 


0.00 


2OH14:0 


0.00 


00 


Total 


100,00 


100.00 


pittole/gdws 


0.13 


0.00 





Nomenclature: Total number of carbon atoms; number of double bonds with position of double bond 
cfcoMt to the u> end with geometry Y for as, X for (ram; V. V. and 'br' refer to iso, antetso, and 
methyl branching, respectively Methy-brnnchim? from the a end rs indicated by its position followed 
by Me and the total number of carbon atoms; Cyclopropyl fatty acids are deignated as ■ cy". 

m 



Tnhlo 2: Halocarlxin concentrations in purged site water after addition ofPGE and 
substrate amendments prior to distribution to microcosms (mg/L) 



Amendment 



PCE 



TCE cDCE tDCE 1,1 -DCE VC 



PCE added: 5 mg/L (3.1 pL per L), except to unamended 



unamended 0.36 





24.14 








0.26 


PCE 2.63 


0.08 


3.47 








0.08 


PCE + methanol 7.95 





9.46 


0.002 


0.001 


0.42 


PCE + acetate 13,92 

















PCF1 + methanol/acetate 1 1.87 





0.67 








0.003 



rfcalqwnl 


Daj 


PCE 


hce 


cDCE 


vc 


Eihene 


Me (June 


pcf 





0.372 (0.104) 


145(0.077) 


2.350 (0.272) 


0.034 (0.003) 


0(0) 


0.027 (0.005) 




12 


0041 10.059) 


0.339 (0.052) 


2.122 (0.321) 


0.185(0.027) 


0(0) 


0.190(0.027) 




25 


0.004 (0.002) 


0029 (0.004) 


2.436 (0.479) 


0.279 (0.039) 


0(0) 


491 (0.017) 




46 


0.006 (0.01 1) 


0.002 (0.004) 


1.469(0 144) 


1.167(0.071) 


0(0) 


800(0.1231 




S3 


0(0) 


0(0) 


0(0) 


1 689 (0.057) 


0.092 (0005) 


4,258 (0.715) 




U5 


11 J 


0(0) 


0(0) 


7.290(0.321) 


0.061 (0.017) 


2,624 (0543) 


PCE . 

Methanol 





1 965 (0 800) 


0.004 (0.006) 


5.1 16 (0.337) 


0.021 (0.007) 


0(0) 


0.005 (0.005) 


12 


1.019 (1.015) 


0265 (0.277) 


6.015 (0.925) 


0.060(0.001) 


0(0) 


0.010(0003) 




25 


0050 (0 006) 


0.012 (0.003) 


5.845 (0.954) 


0.060(0011) 


0(0) 


094 (0.04S) 




46 


040(0 0151 


0.010(00101 


4.772 (0.229) 


0.177 (0.22) 


0(0) 


0.185 (0.123) 




V 


(O) 


0(0) 


4.380 (0.832) 


1.074 (0.033) 


0(0) 


1.731 (0.519) 




MS 


nd 


0(0) 


1250 (0.581) 


2 434 (0.147) 


0(0) 


11.003(1.708) 


err . 

Acciair 


II 


IH.7! (0.076) 


003(0 003) 


0.676(0 283) 


0002(0.003) 


0(0) 


0.008 (0.00 1) 


12 


0-076 (0 025) 


0.237 (0.037) 


0.650 (0 069) 


0.001 (0.002) 


0(0) 


0.063 (0.005) 




?5 


024 (0.004) 


0.023 (0006) 


1.095 (0.156) 


0,031 (0.005) 


0(0) 


0756 (0.050) 




Jf, 


020(0 0151 


0.007 (6.002) 


863 (0.058) 


0.201 (0.036) 


0(0) 


3.145(0.190) 




8J 


lOl 


0(0) 


0((1) 


1.055 (0.038) 


0033(0006) 


23 818(7 919) 




145 


fid 


0(0) 


0(0) 


P «ll (0.8511 


0. 109 (0025) 


40.916(8.633) 


Pf£ t 





1 64| (1054) 


085 (0.057) 


0.627(0.014) 


0.007 (0.005) 


0(0) 


0.008(0.001) 


Mid 


12 


0.012 (0.002) 


0.186 (0.026) 


1.752(0.162) 


0.098 (0.005) 


0(0) 


0.076 (0,0141 


Ai-clav 


15 


004 (0.00 1| 


0.013(0002) 


1.685(0.040) 


229 (0.003) 


0(0) 


0.655 (0.067) 




46 


0(0) 


0.002 (0.004) 


0.559(0.073) 


1.093 (0.O26) 


0(0) 


1.6(7(0.101) 




S3 


0(0) 


0(0) 


0(0) 


1.188(0.031) 


238 10.133) 


4 074(1.983) 


■ 


14} 


lt.d 


0(0) 


0(0i 


0.175 (0.153) 


0511 (0.0B2) 


6 033(0.187) 







rigoie 3 Conlours ol (A) PCE (mgrt.). (B) TCE (mg/L). (C) cDCE (mgrt.) 
and (D) VC (mgfl.) hi the Iwilom of II ie sand/sill al a detfh ol 
apprommalely 7 m bgs 




fKjo.e 4 Coniqgr j ol (A) elhen,. (mg/L) (B) methanol (mg/L). (C) a« el k: acid (moAl 
and (O) chloride (moA) m ihe bollom o( ihe sand/sin al a donih ol 
apptomroalely 7 m figs ^^ 



Figure 5: PCE Controls* 
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Figure 6: PCE + methanol + acetate amendment 
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CHARACTERIZATION AND BIOTECflftlCAL USES Or* THE EXTRACELLULAR 
EMULSIFYING AGENT PRODUCED BY PSBUDOMONAS AEKUGINOSA 

Ml. Van I>jke II. I« and J.T. 1 r.iin 

Department of Environmental Biology, University of GueJpb, 
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Biosurfactanls ire compounds produced on microbial cell surfaces or excreted 
txlraiellularly, which contain both hydrophillic and hydrophobic portions. Due (o I heir 
amphipathic nature, surfactants aggregate at an interface, causing a rrduclion in surface and 
inlerfucial tensions. Since biosurfactants and bioemulsifiers both exhibit emulsificallon properties, 
bioemulsifiers are ulten categorized with biosurfaclants, although emulsifiers may not lower surface 
tension. 

Petroleum refineries produce Urge amounts of oily wastes, such as complex hydrocarbons. 
These hydrocarbons and some halogenaled compounds are serious environmental pollutants, which 
may cause public health and ecological concerns due to their persistence and toxicity to biological 
systems. Land farming is an acceptable method for the disposal of oily sludge (Berwick and 
Stafford, 1985; Shailubhai, 1986). This technique involves spreading oily sludge unto soil, and 
providing optimal conditions lo allow mineralization of hydrocarbons by soil microorganisms. 

Hydrophobic compounds bind lo soil particles, and are difficult lo remove or degrade. 
Efficient degradation requires (hat hydrocarbons are solubiliud before being degraded by microbial 
cells (Slucki and Alexander, 1987; Thomas tl at., 1986). For some hydrophobic compounds, the rate 
of mineralization Is governed by desorpiion of hydrocarbons from soil (Mihelcic and Lulhy, 1988a 
and 1988b). It Is expected Dial surfactants can increase the surface area of hydrophobic materials, 
thereby Increasing (he water solubility. The addition of biosurfactanls lo the soil may enhance 
hydrocarbon dispersion and increase microbial degradation (Van Dyke it at. 1991). 

Many microorganisms are able to produce surface active substances. Wt have been studying 
the characteristics of a biosurfaclanl produced by Pteudomonat atrugiaosa UG2. Strain UG2 was 
isolated initially In our laboratory from oil contaminated soil (MacElwee tl at., 1990). Other 
researchers have shown that P. aeruginosa is able lo produce rhamnotipid surfactants of varying 
structure, Jarvis and Johnson (1949), and Edward and llayashl 11965) determined the rhamnolipid 
produced by P. aeruginosa Is composed of 2 units of l.-rhamnusc and 2 units of 0-hydroxydecanoic 
acid linked to the CI position. Hirayama and Kato (1982) and Parra tt at. (1989) determined that 
their P. aeruginosa strains produced 2 types of rhamnolipid. The first type contained 2 units each 
of L-rhamnose and 0-hydroxydecanoic acid, while the second was similar except thai it contained 
only one unit of L-rhamnose. Pstudomonas sp. DSM 2874 (Syldalk el at., 1985) was found to 
produce 4 different types of rhamnolipids, containing either one or Iwo units each of Lrhamnuse 
and S-hydroxydecanoic acid. Yamaguchi tt at. (1976) isolated a Puudomeaas strain that produced 
I rhamnolipids similar to (hat of Parra Hal. (1989), except both glycolipids also contain 2-decenoic 
acid at the C2 position. 



We have lurried mi! some structural characterization of I hi partially purirn.il P. aeruginosa 
UC2 biosur factum. Analysis by lll'I.C and GC showed Hint Ihe UG2 biosurfaclani dues contain 
l.-rhamnosc as flit- only sugar. Analysis by (.(.MS indicated (he presence uT it -hydroxydecanoic 
arid and 2-deccnoic acid. Then-fore, we propose the structure of Ihe P. aeruginosa UG2 
rhumnotipid hlosurfuctunl may be similar to those reported by Yumagurhi el at. (1976). Currently 
NMR analysis uf UG2 rhumnolipids is being performed, and should provide further information 
on the structural arrangement uf these components. 

The biosurfuclant pruduced by P, aeruginosa UG2 was previously found tu sulubilize 
hesuehlorohiuhi-nvl significantly in soil slurries Ikrg rt al. (1990). We curried out additional 
partitioning studies tu further investigate the ability of the UG2 biosorfutlunt to solubilizc oilier 
hydrophobic cuiilainiiiunls. These studies Involved spiking small amounts uf soil with "C-lahelled 
compounds, and washing the soil with surfactant solutions. The uiimunl of "(.'-compound (hat was 
removed from soil into the aqueous phase was measured by stimulation counting. 

In the first experiment, several hydrophobic compounds were tested in soil thai contains a 
high amount of organic mailer. The compounds tested were pyridine, naphthalene, anthracene, 
phenanlhrene, fluorine, 2, 5. 2', 5'- Iclrachloruhipheiiyl uud 2,4,5,3" > 4',S'-heKuclilorooiphciiyl. All 
these compounds except pyridine are hydrophobic. As pyridine is water soluble, it served as a 
control. Partially purilied, freeze dried UG2 hiosurfui lanl was It- ltd over the toiicinlralii.n range 
of 0.1 to 5 nig/ml. 

Pyridine recovery was high (>80%) al all liiosurlaclanl concenlralions. In general, the % 
recovery uf the more hydrophobic compounds in the aqueous phase was found In Increase us UG2 
biiisurfaclanl concenl rat ion increased. However, the exlual of recuvery varied with the 
hydrocarbons. The recovery of naphthalene was 71)% al S g hiosurfailant/l, while lhat uf 
anthracene, fluorene and phenanlhrene were about 30-40%. The recovery of hetut-hlorubiphcnyl 
was also high al 70%, while that Ictrachlorohiphenvt was 40%. 

These results are important because Ihey show that all the tested hydrophobic compounds 
may he sohibili/ed lo varying extent by the UG2 hiusiirfaclanl. The basis for the variability in the 
degree uf solubilization is not known. This variability is unlikely tu be related lo Hie cum pounds' 
aqueous solubilities since one of Ihe more water-soluble (naphthalene) and one uf the least water- 
soluble (hexachlurubi phenyl) hydrocarbons were Hovered lo about the same extent. More likely, 
Ihe variability was dependent on factors such as soil type and content, the extent of binding (or 
adsorption) nf Die hydrophobic compounds lo Ihe soil matrix, the prevailing environmental 
conditions, or the nature and lype or inleracliotis between (he hiusurfailanl and Ihe hydrophobic 
substances. These are important questions that should he addressed in further sludies. 

In a second partitioning experiment, a sandy loam suit was used, which has a lower amount 
or organic mutter. Again, pyridine recovery in Ihe uuuctius phase was greater than 80% at all 
hliisurfacliint ciinieiitralious listed. Al 5 g biusurfutijinl'l, the recoveries uf naphthalene, 
anthracene, fluorene and phenanlhrene from Ihe sandy soil were all approximately 10% higher than 
(hose from Ihe sill loam suit. The % recuvery was iibool 80% for naphthalene, and about 40-50% 
fur anthracene, fluorene und plienunlhrene. On the other hand, (he recovery or 

hexachlorobi phenyl from the sandy soil was uhoul 10% tower than that from Ihe sill loam soil, while 
Ihe recovery of telrachlorobipheiiyt was about 10 % higher. The % solubilization of both 
hexachlorotti phenyl and lelrachlorohipht-nyl was verj similar throughout ihe concentration range 



of UG2 biosurfuclant luted. This experiment clearly showed that soil type does have un effect on 
the ability or the UG2 hiirsurTui'tuiil lit dislodge h> 'drophnhic compounds from soils. Ilijjher levels 
of organic nuiller may bind hydrophobic coin pounds more firmly, making removal more difricull. 

In 11 third partitioning experiment, (he ability to solubilize hydrocarbons in soil slurries was 
compared between Ihe anionic chemical surfactant SDS and the anionic UC2 biosiirfuctanl. Using 
the Coneslago sill loam soil, Ihe % recoveries of naphthalene and anthracene were about the same 
for SDS and UG2 surfactants. The % recoveries of phenanthrene, fluorene, lelruchlorobipheny! 
and hexachlorobiphenyl were clearly higher using the L'G2 hiosurfactant. The same experiment was 
repeated using the sandy loam soil. The % recovery of naphthalene was approximately the same 
using SDS and UG2 surfactant, hut the recoveries or anthracene, phenanthrene and Duorene were 
about 10% higher using the UG2 hiostirfaclunt than using SDS. Recoveries of hexachlorobiphenyl 
and telrachlorobiphenyl using tile UG2 blusurfaclaitl were over 20% higher than using SDS. These 
experiments demonstrated that the UC2 hiosurfactant is superior to SDS in Ihe partitioning of 
hydrophobic compounds from soil into Ihe aqueous phase. 

Studies arc in progress In investigate (he effect of UG2 hiosurfactant un microbial 
degradation of hydrocarbons in soil. Solubilization and degradation experiments may show thai 
biosurfactunts can be used to enhance recovery of pollutants from contaminated soil. 
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Clay minarala in clay aoiia which are commonly uBed as landfill liners, must 
have a low permeability and high filtering ability. Although all types of 
locally available clays are used, the moat suitable type of clays possess the 
following characteristics t high cation exchange capacity, large specific surface 
area and the presence of surface functional groups ( hydroxylated edges, broken 
chemical bonds, sites with organic or Inorganic ions). 

Glaeiolacustrine clays which are widespread in southern Ontario often contain 
illlte and chlorite. These clays generally have low cation exchange capacities 
(C.E.c.) and low specific surface areas. The more suitable Champlain Sea clays 
which are used in Quebec as landfill liners and substrata, have a better C E c 
when compared to the glaeiolacustrine clays (50 meq/100 g versus 20 meg/100 gl 
Smectite group clays and vermiculite have a specific surface area which la an 
order of magnitude larger than that of illite and chlorite, Vermiculite has one 
of the highest C.E.C. 'a among the clay mlneralB, and would appear to be a 
desirable component for landfill liners. 

Although commercial grade deposits of vermiculite are presently unknown in 
Ontario, an occurrence of mixed layer mica-vermiculite in southern Ontario has 
been documented by MacKinnon et al (1990). This site was chosen for study in 
particular since a large stockpile of the material was present, which could be 
readily bulk sampled (Figure 1). The deposit occurs 13 km south of Perth 
approximately 350 km from Toronto, and 80 km from Ottawa. The deposit has been 
previously assessed to determine the viability of using it as a source of 
expanded vermiculite (which is used as an insulator, an absorbent of fertilizers 
etc . ) . 

samples of vermiculite from the Stanleyville deposit as well as the 
hydrothermally clay altered host rock were Btudied by petrography, x-ray 
diffraction, electron microprobe analysis and scanning electron microscopy. 

In addition, selected samples were evaluated to determine their c.e.C.'b and 
their ability to retain heavy metals when subjected to leaching tests using 
landfill lBachate solutions. 

RES0LTS 

Chemical Composition and Mineralogy 

Electron microprobe analysis suggestB that the -micas' at Stanleyville range 
in composition from serpentine to phlogopite. The low Al content of the 
Stanleyville 'micas' iB notable when compared to commercial vermiculite deposits 
(Figure 2). Individual grains from Stanleyville samples show a wide variation 
in K/Mg and K/Al ratios, da confirmed by microprobe and SEM analysis. 

XHD analysis was Bubseguently performed on samples collected from the open pit 
and trenches. Some Bamples werB treated with KC1, MaCl , Mgcl, or NH.-acetate 
in addition to heating and ethylene glycol treatments. 

The results of this work euggeet that much of the coarser material previously 
classed as vermiculite in Stanleyville is in fact a mixture of phlogopite and 
liiardite, contained within a matrix of aliettite, smectite, talc and 
vermiculite, with minor amounts of hydrobiotite. Aliettite, present in all 
samples, is a regularly interstratif led mixed-layer clay mineral in which talc 
and oaponite are the constituent layers. A number of XRD profiles illustrating 
the behaviour of the Stanleyville aliettite and vermiculite when subjected to 
various treatments are shown in Figures 2, 3 and 4. 

In view of the lower than anticipated vermiculite content, the saropleB from 
Stanleyville were expected to have a low cation exchange capacity. Predicted 
# II ,c" ,™ H Bara P lea analyzed based on XRD and mineralogical analysis ranged 
from 15 meq/100 g to 37 meq/100 g. * y 

9M 



Soil Chemistry 

Cation exchange and heavy metal retention teats were conducted on a variety 
of samples. The C.E.C. 's were determined using batch equilibrium tests and by 
the ailver-thtouraa method. Results indicated that exchangeable Na' and K* were 
low (<0.5 meq/100 9)1 and exchangeable Ca J * and Mg 2 * moderate to high (1 to 
17 meq/100 9). Total C.E.C. -a were in the order of 7 to 19 meq/100 g. Grinding 
of several fractions did not produce a significant increase in C.E.C. 

Heavy metal retention testa were conducted using apiked solutions from an 
actual landfill Bite. The composition of the leachate is shown in Table 1. 
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The results of the heavy metal retention studies with low heavy metal contents 
demonstrated that retention waa high, being greater than 90* in all cases. Two 
of the soils with higher C.E.C. were tested using spiked leachate with high heavy 
metal concentrations (Pb 2 * up to 6380 ppm, In 2 * up to 2400 ppm) . It was noted 
that the retention of the Pb ! * and In 2 ' Increased with the initial cation 
concentration used and waa maximized at about 500 ppm. At high concentrations, 
the * adsorbed is lower (<50» ) , as indicated for one example shown in Table 3 . 
It was also noted that the maximum amount of these heavy metals retained could 
exceed the C.E.C. of the soil. Retention of up to 24 raeq/100 g of In 2 * and 
36 meq/100 g of Pb 2 * was achieved over the range of heavy metal concentrations 
studied. An increase in pH of the effluent solution was noted after the tests 
(initial pH - 1-2, final pH - 2-4). 

The specific surface area of the soils are moderately high, ranging from 
90 m z /g to 206 mVg. Determinations of permeability on one sample compacted wet 
of optimum moisture content (14, 4») indicated an average value of 1.2 x 10"' 
cm/sec. 
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CONCLUSIONS 

Results to data suggest the Stanleyville deposit is composed of phlogopite, 
lliardite, alisttite, smectite/ talc, vermicuiite and minor hydrobiotite. Due 
to the lower than expected vermicullte content, the C.E.C. *s were low; however, 
the total adsorbed cation (Pb s< , in", Ha', K* , Kg 2 ' and Ca 2 ' ) retention can exceed 
the C.E.C, of the soil. Given the low pH values of the effluent solutions, 
precipitation of the heavy metals is unlikely to explain this observation. 
Secondly, there appears to be a strong retention of Ca 2 * and Hg J * which 
contributes significantly to the high C.E.C. The specific surface areas of the 
soils are moderately high, and selected compacted soils returned low perxteability 
results. 

Given these characteristics, as well as the ability of the minerals to create 
a moderately alkaline pH in the aqueous environment, the deposit at Perth may 
constitute a speciality resource for the remediation of certain toxic pollutants. 
Future investigations being considered relate to identifying the mechanism of 
contaminant retention, determining the organic pollutant retention capabilities, 
and the probability of increasing the C.E.C. of the stockpiled material via clay 
mixing processes. 
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A new method involving the use of flash photolysis followed by rapid high 
performance liquid chromatography analysis is applied to the examination of the 
photodegradation of phenol (I) and 4-chlorophenol (II) in undegassed aqueous 
solution (10* - io" J K). Analysis of the solution following a single flash 
(direct photolysis) indicates that p-benzoquinone (ill) is the only major 
photoproduct from the photolysis of either I or II. After several flashes other 
products appear, namely hydroquinone (IV) and 2-hydroxy-p-benzoqulnone (V), which 
are known photoproducte from the direct photolysis of III. This was confirmed 
by a study of III subjected to a single flash. In other experiments, solutions 
of II containing varying amounts of Hfo were subjected to flash photolysis. 
When the ratio of (HjOj) to II exceeded 20:1, the product distribution changed 
such that 4-chlorocatechol (VI) is the major photoproduct with a smaller amount 
of IV and 1,2,4,-trihydrojeybemene (VII). The results will be discussed and 
mechanisms proposed. 



INTRODUCTION 

Although a number of water purification techniques are available, the oxidation 
of aqueous organic pollutants is an attractive method because of it B high 
efficiency and simplicity (5,6). The oxidation products are usually low 

T Most of the work presented in this paper has been published, is In press or has 
been submitted (see references 1-4). 

* Present addresBs National Water Research Institute, Canada Centre for Inland 
Waters, Rivers Research Branch, 837 LakeBhore Kd. , P.O. Box 50S0, Burlngton, 
Ontario, L7R 4A6 



molecular-weight oxygenated compounds that are easily biodegradable. In tha past 
decade or eo, the potential use of the photooxidation of organic pollutants In 
the presence of H ; 2 has aroused the considerable interest in the environmental 
community . 

Phenols and ehlorophenols are common pollutants found in effluents from 
pulp mills and in the production of fungicides and herbicides. since previous 
studies have yielded a rather confusing and incomplete picture concerning the 
photolysis of phenols and ehlorophenols in model and natural systems, we have 
undertaken a detailed study of the sequence of products formed in both direct 
photolysis and photolysis mediated by hydrogen peroxide. 

To address the problems encountered in previous investigations, we have 
developed a method utilizing the technique of flash photolysis; however, instead 
of using the conventional configuration where subsequent reactions are followed 
by detecting tha optical absorption of transients, we have employed HPLC 
detection to detect and identify moderately- lived intermediates. With this 
approach ue can obtain a significant fraction of conversion with a single flash 
and thus avoid the possibility of photolysis of intermediates. Also by using 
multiple flashes, we can follow the sequence of Intermediates in the reaction. 
This technique is limited to the detection of intermediates with lifetimes 
greater than -15 mln, i.e., tha time required to complete an HPLC run. 

We have used phenol (I) and 4-chlorophenol (II) as model compounds for 
testing the method, since the photoreaction of these compounds has been studied 
using conventional approaches (7,8), which have yielded a much more couplex 
series of photoproducts . 



RESULTS AND DISCUSSION 

In the first set of experiments, undegassed solutions of I and II were subjected 
to 1 - 30 flashes (45 J) and analyzed within 2 min. by HPLC. After only one flash 
p-benzoquinone (III) is the only photoproduct . its identity was confirmed by 
isolation and analysis by FT1R, 'h rTNKB, UV and mass spectrometry. After 5 - 
10 flashes, new compounds begin to appear: hydroquinone (IV( and 2-hydroxy-p- 
benioqulnone (V| , which are known photoproducts from the photolysis of III. This 
was confirmed by flashing solutions of III in s separate series of experiments. 



After 20 - 30 flashes, traces of 1,2,4-trlhydroxybensene (VII) are observed In 
the cane of the photolysis of I and both ¥11 and 4-chlorocatechol (VI) In the 
esse of the photolysis of II. 

In a second sat of experiments we have examined the distribution of 
photoproducts iron the flash photolysis of II as a function of the ratio of the 
concentration of E 2 o 2 to that of II, kept at 9.6 x 10 ' 4 N. At concentration 
ratios between 0.6 and 20, the amount of III formed decreases, while the amounts 
of IV and VI Increase significantly. This shows a clear changeover of products 
from those found in direct photolysis to those found in the hydrogen peroxide 
mediated photolysis. 

It has been known for a long time that hydrogen peroxide photolysee to 
produce -OH radicals, which react with aromatic compounds by adding to the ring 
to produce hydroxylated products. Thus, ths observation that VI is the major 
product observed after a single flash is quite understandable. Some 'OH radicals 
also displace chlorine atoms in II since IV and V are significant products. 

In a final set of experiments, the direct photolysis quantum yield was 
found to be 0.13 for I and 0.24 for II using s broadband technique based on the 
photolysis of III as »n actlnometer (quantum yield - 0.47). 



COWCLUSIONS 

1. When studied at low concentration, where bimolecular reaction steps are slow, 
the photochemistry of phenol and 4-chlorophsnol is particularly simple, yielding 
p-bemoqulnone as the major photoproduct, 

2. in the case of II, as the ratio [K 2 2 |/|II) increases, the photoreact ion 
mechanism changes from direct photolysis (where III is the major direct 
photoproduct) to HjO ? mediated photolysis (where VI is ths major photoproduct ) . 

Finally, we conclude that the new technique of flash photolysis/HPLC is 
very effective in elucidating the detailed reaction sequence of aqueous 
photochemical reactions of environmental intereat. 
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DEVELOPMENT OF A HEPATIC MICRONUCLEUS ASSAY IK FISH, CD. Metcalfe 
and C.H. Williams, Environmental and Resource Studies Program, 
Trent University, Peterborough, Ontario K9J 7B8. 

An ill XiX2 hepatic micronucleus assay with rainbow trout is being 
developed to test for the genotoxic effects of aquatic 
contaminants. An assay protocol has been developed in which 
proliferation of hepatocytes in the trout liver is stimulated by 
a regenerative response after exposure to allyl formate (AF). Two 
protocols have been tested in which trout are exposed to the 
clastogen before or after exposure to AF. Both protocols give a 
positive response with the indirect -acting clastogen, 
diethylnitrosamine (DEN). The direct-acting clastogens, ethyl 
methanesulphonate and mitomycin C, have been tested using the 
protocol in which AF exposure occurs first, and both of these 
compounds gave a positive response in this assay. Tests are 
continuing with other genotoxic chemicals, including the PAH 
compound, benzo(a)pyrene. 



EPR SPIN TRAPPING DETECTION OP SHORT-LIVED RADICAL INTERMEDIATES 
IN THE DIRECT PHOTOLYSIS OP 4-CHLOROPHEN0L IN AERATED AQUEOUS SOLUTION* 
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London, Ontario, Canada N6A 5B7 
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The photolysis of 4-chlorophanol (I) in aqueous solution (pH = 6.5 to 10.5) in 
the presence of the spin trap 5 , 5-dlmethylpyrroilne-N-oxlde (DNPO) results in 
the formation of at least five distinct EPR spectra We have identified three 
of these as arising from the DNPO spin adducts of: the hydrogen atom [or a 
hydrated electron plus later protonatlon] (spectrum A), an aryl radical 
[probably the p-hydroxyphenyl radical) {spectrum B) and the 'OH radical 
(spectrum C) . Spectrum D probably arises from a decomposition product of one 
or more of the spin adduces, and spectrum E is that of the p-benzosemiquinone 
anion. By examining EPR spectra after various tines of uv irradiation and 
determining the time course of the growth of each spectrum, we have 
established that spectra A and B appear Immediately on initiation of the 
photolysis. In contrast, the growth of spectrum C is sigmoidal , indicating 
that it arises from a secondary product. We present a mechanism, based on the 
primary radicals detected, chat accounts for the photoconverslon of I to 
p-benzoquinone (II). 

INTRODUCTION 

The direct photolysis of organic pollutants (mostly aromatic) In the natural 
environment Is stimulated by solar radiation In the range 290-400 nm. In 
addition, artificial photolysis, using uv lamps with a large fraction of their 
output below 300 nm. is gaining interest as a commercial process for the 
removal of these organic pollutants. Unfortunately, very little is known about 

The results described In this abstract are to be published as a paper in 
the Journal of Photochemistry and Photoblology . 

Present address: National Water Research Institute, Canada Centre for Inland 
Waters, Rivers Research Branch. 867 Lakeshore Rd, , P,0. Box 5050, Burlington, 
Ontario, L7R 4A6 . 



Che detailed mechanism of the direct photolysis of most aromatic organic 
pollutants in aqueous solution. 

Chlorophenols are found as important pollutants In effluents from pulp 
and paper mills, as well as In the production of pesticides and herbicides. 
Some Information is available concerning the longer-lived photoproducts. Boule 
at al. (1) found that the reaction Is non-specific, giving p-bemoqulnone , 
hydroquinone , biphenyls and polyphenoly lie oligomers. Recently we have 
reexamined this photochemical reaction under more dilute condition* using a 
flash photolysls/HPLC technique (2) and find that p-benzoqulnone (II) Is the 
only major photoproduet from the direct photolysis of 4-chlorophenol (I) In 
aqueous solution. In spite of this knowledge, relatively little la known about 
the detailed mechanism leading to the known stable photoproducts. 

The technique of spin trapping, with electron paramagnetic resonance 
(EPR) detection of free radical Intermediates (3), has proven to be valuable 
in the study of the mechanisms of photolysis reactions. For exanple, It has 
bean shown that -OH radicals are produced as a primary product in the 
photolysis of p-benzoquinone (II) in aqueous solution (4). We have recently 
used this technique to determine the rate constants for the reaction of -OH 
radicals with various chlorophenols (5«) and halobenzene derivatives (5b) in 
aqueous solution. 

The purpose of the present work was to Investigate the mechanism of the 
formation of II from the photolysis of I using the spin-trapping technique 
with EPR spectroscopy, 

RESULTS AND DISCUSSION 

When I Is photolyzed by uv light in the EPR cavity in the presence of DMPO at 
pH 8.5, several EPR spectra can be detected. A computer reconstruction revests 
that there are at least four distinct spectra, which we have been able to 
assign to the following radicals: (A) the hydrogen atom DMPO spin adduct; (i) 
an aryl (phenyl type) PKPO spin adduct; (C) the -OK radical DMPO spin adduct; 
(D) an unidentified radical with a single Interacting nitrogen nucleus, which 
we suspect to be a decomposition product of one of the DMPO spin adducts. 

Host of the spectral features are well reproduced by the simulated EPR, 
and we have found that we can fit almost all the EPR spectra under various 
conditions by simulations made up of varying proportions of the four base EPR 



spectra. In addition, under some conditions (especially at higher pH) the EPR 
spectrum of the p-benzosemiquinone anion radical is observed. 

As the uv Irradiation progresses, spectrum C increases in relation to 
the others. This indicates chat the -OH spin adduct is likely formed In a 
secondary reaction. As further confirmation we have examined the tine course 
of the rise of the EPR signal for four field positions characteristic of each 
spectral species. Spectra A and B rise immediately on initiation of the uv 
irradiation, indicating that these probably arise from primary radicals; 
however, spectrum C exhibits a sigmoidal rise, indicating that it arises from 
a secondary radical. We propose that spectrum C arises from the generation of 
•OH radicals from the photolysis of II produced from the photolysis of I, 
Although spectrum D overlaps a line from spectrum A, we believe that species D 
also arises from a secondary photochemical process 

As a control we have carried out a series of experiments in which we 
have irradiated phenol (III) In the presence of DHPO under the same conditions 
as for the photolysis of I, We have found that the contribution from species B 
Is much less in the photolysis of III as compared to I , We interpret these 
observations to indicate that the carbon-centered radical (B) , produced in the 
photolysis of I. arises primarily from the homolytlc fission of the carbon- 
chlorine bond of I, The fact that hydrogen atoms (or hydrated electron 
followed by protonation) are generated from the photolysis of both I and III 
indicates that they arise from the photochemistry of the phenol chromophore. 

We observed previously (2) that, on bubbling with a gas stream 
containing progressively lower partial pressures of oxygen, the yield of II 
dropped off significantly, indicating that the photoreaction of I probably 
involves oxygen as a reactant. We find that the EPR spectrum shows a much 
stronger contribution from spectrum C (the -OH spin adduct) in aerated 
solutions as compared with the EPR spectrum in nitrogen bubbled solutions. 
This is expected If more II is formed in the aerated solution, as compared 
with the nitrogen-bubbled solution. 

Although the overall appearance of the EPR spectra change with 
Increasing pH , the component EPR spectra do not, except at high pH where the 
EPR spectrum (Spectrum E) of the p-benzosemlo.ulnone anion is detected. The 
generation of this species Is Independent of the presence of DMPO. 



Our observations lead us Co the conclusion chat the only primary free 
radicals produced from the photolysis of I are hydrogen atoms (or hydrated 
electrons followed by protonaClon) and an aryl (probably p-hydroxyphenyl) 
radical. The control experiments with phenol indicate that the hydrogen atom 
arises from the phenol entity. 

Ononye et al. (4) have shown that the excited state of II attacks water 
to produce p-benzosemiqulnone and hydroxyl radicals with a high quantum yield 
(M),5). In the present studies, the generation of p-benzosemlqulnone anion 
radicals from the photolysis of I was detected by EPR. Hence our present 
observation that the DHPO-OH spin adduce arises from a secondary photolysis 
reaction, and the detection of the p-benzosemlquinone anion in photolyzed 
solutions of I, supports the proposal that most of the -OH radicals are 
generated from the secondary photolysis of II. 

CONCLUSIONS 

Our spin-trapping EPR experiments have permitted a much more detailed 
description of the mechanism of the photolysis of I and of III on route to 
formation of III. Further details will be presented In the poster. 
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A COMPARISON OF ELECTROTHERMAL 

VAPORIZATION AND DIRECT SAMPLE INSERTION 

FOR THE ANALYSIS SOLIDS BY ICP-AES 
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It is important to appreciate that most of the inhabited world is 
solid. While we have an active Interest In water and air, we live on the 
land. To monitor our environment, we must then monitor the land and 
it's products. Even the air and water exist in an equilibrium with the 
land. In this equilibrium, the land surface is often the major contributor 
of environmental contaminants. With this simplification In mind, one 
can appreciate that most environmental samples are solid or, if liquid, 
very far from being pure water. This has led us to concentrate our 
elemental analysis research on the development of new solid sample 
analysis methodologies. In our work on sample introduction 
methodologies we have come to appreciate the difference between 
academic and "real world" analytical environments. An appreciation of 
the real world can lead to an alteration In the way in which the analytical 
chemistry must be done. Our work with Direct Sample Insertion (DS1) 
analysis techniques for inductively coupled plasma atomic emission 
spectrometry (ICP-AES) started In the early nineteen eighties. The DSI 
technique requires the use of a sample carrying probe as illustrated in 
Figure 1. 

The sample Is placed in or on the probe, and then inserted into the 
plasma along the central axis. A number of apparent advantages accrue, 
foremost among them. 100% sample delivery. If the delivery is over a 
short length of time, then improved detection limits can be realized (I). 
In fact, we were even able to realize sub 1% relative standard deviations 
when the system was automated and liquid samples were Inserted with a 
wire loop probe (2). There can also be some negative aspects to using a 
sample carrying probe: [ 1 1 The probe can break down and contribute to 
the spectrum, and [2| the sample can react with the probe. Nonethe- 
less, the promise of 100% sample delivery is very attractive. As we will 
see, however, the delivery of 100% of a real sample may not be as 
desirable as one would originally expect. This, In turn, leads us to 
consider other ways In which we might achieve the desired analytical 
goals. 
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DSI Analysis of Geological Materials 

Our Initial work with DSI systems and liquid samples was very 
successful. Detection limits were improved by factors of roughly 10-100 
and precision of the order of 0.5 - 1% was obtained with pure water 
standards. We immediately began an aggressive assault on solid 
samples. A study indicated that estuartne sediments were of 
considerable interest to the MOE as they constituted a significant 
fraction of the total work load In both numbers and difficulty of 
converting to a liquid form suitable for analysis by conventional ICP 
sample introductions systems. 



CONVBNTIOHAL DSI 

Our first approach Involved the use of conventional probes, slightly 
modified d.c. arc electrodes. This work Indicated that we were going to 
have troubles with detection limits. Unlike our convenient solid 
standards, dilute oxides In graphite, real geological samples were going 
to be a problem. Geological samples have a matrix, usually some form of 
SI, which Is resistant to low power chemical and physical attack. The 
traditional ICP-AES methodology commonly Involves digestion with HF 
Tor a significant length of time. The DS1-ICP AES approach Involved the 
use of high temperatures, approximately 2000 degrees Centigrade. 
Given the excellent excitation characteristics of the plasma, one might 
expect much higher temperatures: however, one must keep In mind that 
the ICP. while an excellent spectral excitation source. Is not a particularly 
good heater. It Is usually operated at about 1 kW, roughly the power of 
an automobile block heater, and the majority of the power goes to 
maintaining the plasma, rather than heating the probe. The result Is 
that geological St based samples usually melt to form a glass type bead 
which only slowly breaks down. Volatile elements emerge quickly but 
their signals are highly erratic due to the volcanic effect of the matrix. To 
avoid the formation of beads, the sample could be diluted In graphite. 
This led to unsatisfactory detection limits. 

PELLET DSI 

In an attempt to Increase sample mass and yet dilute the sample. 
we tried a radical approach, the use of graphite pellets (3)as illustrated In 
Figure 1 (b). Common sense Indicated that one could Insert only a 
limited size probe Into the ICP. To obUUn optimal heating, we simply 
eliminated the graphite cup which we considered to be an unnecessary 
heat sink. This arrangement allowed sample masses approximately one 
order of magnitude larger than that which was possible with 
conventional probes. A secondary, but very Important benefit, was the 
Improvement In precision obtained, from 50% rsd to 8% rsd. A number 
of facts emerged as we studied DSI -ICP-AES. The first was that excellent 
detection limits, of the order of 10 ppb, could be obtained for Ideal 
standards. Work with the MOE using ICP-MS also showed excellent 
results (6). 

Experimentation with geological standards was extremely 
Informative although disappointing. In short, visual observations served 
to illustrate the effect that the massive release of Si was having on the 
plasma. The gaseous Si was clearly disrupting the excitation zone and 
changing excitation conditions. Only the volatile elements, which 
emerged before the Si phase, could be analyzed. 



PELLET-CUP PROBES 

The final stage of the DSI system Is presented In Figure 1 (c). A 
pellet Is Inserted Inside a specially machined graphite cup. The cup 
directs all vapors upwards ensuring that the plasma Is minimally 
perturbed and that analyte Is concentrated in the viewing zone of the 
plasma. The analyte remains diluted in a pellet providing all the 
previously discussed advantages. Gases escaping from the pellet move 
up the space between the Inner cup wall and the outer wall of pellet (4,5). 

Tills arrangement allows the additional of chemical additives which 
can cause the breakdown of the matrix as well as the formation of more 
volatile analyte species. !n our work, AgCl was found to be superior. In 
some cases It was found that the use of Internal standards or standard 
additions provided superior analytical performance as indicated In Figure 
2. 



FIGURE 2 
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PELLET-ETV-ICP 

Even before the DSI work above was finished, we had begun work 
with a pellet ETV-ICP-AES system (7). The rationale behind the pellet 
approach was Identical to that which Inspired the original pellet DSI-ICP- 
AES work: Dilution provides better performance and higher masses 
provide better detection limits and better precision. 

The ETV device used is a modified Perkln-Elmer HGA-2200 
graphite furnace. The modification Includes the replacement of the 
original graphite contact rings with home-made brass ones, the 
construction of a brass "sample holder" and a Pyrex glass chamber, and 
the use of O-rings for sealing. 

Pellets were made of oxides of volatile elements (As, Cd, Hg. Mn, Pb 
and Zn) are run first to characterize the system. The preparation of 
pellets includes mixing single element oxide powder with graphite 
powder, weighing and pressing the mixture. For a batch preparation of 
five pellets, the process takes about 15 to 20 minutes. The pellet is then 
put to the notch of the "sample holder" with a pair of tweezers, it goes 
through a drying cycle at 100° C for 2 seconds and charring cycle at 
200° C for 1 second before It goes on to a vaporization cycle, The drying 
and charring cycle are necessary to eliminate the moisture and the gas in 
the pellet. At the vaporization step (1250° C, 5.0 seconds), the pellet is 
heated to incandescence and the analyte Is vaporized. The vapor is 
carried to the plasma by an argon carrier gas. The transient atomic 
emission signals are usually narrow, well-defined peaks for the volatile 
elements studied. 

A compromise carrier gas flow rate must be used for multielement 
analysis . The precisions [RSD 3-8% peak heights) are good for solid 
sample analysis. Linear calibration curves with a range of two to three 
orders of magnitude were established for Cd, Pb and Zn. The 
improvement factors in detection limits are 6 to 100 and 30 to 50 
respectively in comparison to pellet-DSI and routine liquid sample 
nebullzation , 

For reference botanical samples, grinding (10 to 15 minutes in a 
mortar) Is needed if the sample particles are too big. The preparation 
steps of pellets from these samples are similar to those for single element 
oxides except that the sample to graphite ratio Is kept at 1 to 9 (w/w). 
Larger ratios result in poor signals or breaking of the pellet. Higher 
temperatures and longer periods are needed In the drying and charring 
steps to get rid of the organic matrix of the sample (Drying: 300° C. 60 
sec: Charring: 400° C, 120 sec). The analyte concentrations in these 
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samples are read directly from the calibration curves established with 
single element oxides. For the two elements (Pb and Zn) monitored, it is 
found that some of the results have good accuracy, while others do not. 
The most interesting feature Is that the precision in the vegetation 
samples is quite good, intimating that matrix matched standards or 
standard additions might provide good accuracy. 

Tabte I: Analysis of MOE botanical samples 
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Found 


MOE 
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MOE 


V85-1 


10+/-1 


19+/-2.0 


370+/-12 


140+/-11 


White birch 


3.2+/-0.2 


4 


370+/-5 


200 


Norway maple 


39+/-1 


95 


39W-2 


39 



in conclusion, this system provides good precisions. Improved 
detection limits and easy calibration using single clement oxides. The 
procedure Is simple and fast (10 minutes grinding, IS minutes pellet 
preparation). The system Is suitable for quick screening of large 
numbers of vegetation samples for volatile elements. Better results may 
be possible using more demanding methodologies such as standard 
additions or internal standards. 



LESSONS LEARNED AND BEYOND. 

The pellet DSI work has demonstrated that It is possible to analyze 
even very difficult samples with the DSI technique. The indications are 
that the same is true for pellet ETV. Unfortunately, when analyzing more 
difficult samples, the methodologies involved, standard additions and 
Internal standards, may have to be accompanied with a chemical 
treatment as was done in our latter DSI work. This is unfortunate 
because it Is very Inconvenient to use these methodologies with solid 
materials. They are time consuming, difficult to automate and may 
Introduce additional errors through contamination, particularly with the 
addition of matrix modifying chemicals. We believe that we must find 
convenient ways to break down the sample while it is in the solid form. 
The method should preferably not require solid handling and. ideally, will 
eliminate the need for the standard additions or internal standards 
methodology. With this m mind we have built an ETV solid sample 
Introduction system which Is specifically tailored to allow gases to be 
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used as reactants to break down the sample. The system is illustrated in 
Figure 3. 



FIGURE 3 
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The system Is most unique in one aspect. It provides a sheathing 
and "cooling" gas to mix with the gaseous eflluent from the furnace. The 
sheathing gas will keep the analyte from condensing on the wall of the 
"after burner" tubing while the cooling gas Is designed to cause turbulent 
mixing inside the after burner. Mixing should produce aggregates which 
will survive the transport to the plasma. 

The chemistries possible are quite interesting. For example, 
gaseous halocarbons (Freon, carbon tetrachloride) can be introduced. 
On heating, highly reactive radical halldes will be formed. These radicals 
could convert the sample to volatile hatides which are vaporized much 
more easily. Even more Interesting, It may be possible to operate the 
system In a "stop flow" mode. This should concentrate the analyte and 
allow sufficient time for slower chemical reactions to take place. The 
after burner also allows some opportunity for chemistry. The 
introduction of oxygen, for example, would encourage the rapid 



formation of oxide aggregates, which are quite stable and have higher 
transport efficiencies than the corresponding halldes. 



CONCLUSION 

We have learned that we are on the right track. The solution to the 
problem seems to be a more chemical approach, albeit gas phase, rather 
than a straight physical approach. 
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AN INTERRUPTED-FLOW MICROWAVE DIGESTION 

SYSTEM FOR ENVIRONMENTAL SAMPLE 
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In our laboratory we have worked for the last several years 
developing a microwave digestion system specifically designed to 
enhance throughput In the laboratory. The system Is dramatically 
different from conventional microwave systems in that It uses a tube 
rather than a bomb or open vessel as the sample container. The 
configuration Is Illustrated in Figure 1 . 

FIGURE 1. 
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Sample Is prepared in slurry form and then pumped through the 
tube into the microwave cavity. A conventional "kitchen" microwave oven 
Is used. The tubing becomes a closed vessel when the valves are closed. 
Microwave energy Is then applied for a period as short as two minutes. 
At the end of the two minute period, the tubing Is allowed to cool for one 
minute and then the pressure is brought to atmospheric level by slowly 
opening the exhaust valve. The solution Is then pumped Into a container 
(or directly to an Instrument) while a wash solution follows. The wash 
solution Is then treated for approximately the same length of time. 
Results obtained from two NBS materials are presented in Table I. 
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They are generally quite good, with the exception of Al and Ba. 
which we discussed at length previously (1990 Technology Transfer 
Conference). They can be determined either by using extended digestion 
times or correction factors. 

There are several Ideas for improvement which resulted from our 
experiments with this first design. The Brat was the use of what one 
could call a segmented plug approach to the distribution of solutions In 
the tube. We have always been concerned about the escape of materials 
on the fringes of the acid plug. These would result In analytical errors 



and also leave solid material which could result in memory effects as well 
as mechanical degradation of the valves. The solution has been to 
precede and follow the anaryte/slurry plug with a water and then an acid 
plug. This means that any particles must escape through the acid plug, 
an unlikely occurrence since this will be a high concentration zone. The 
configuration IS illustrated In Figure 2. An additional improvement has 
been implemented, a drop in volume from 50 to 25 ml. The system has 
been tested with NBS Orchard Leaves and results are similar to those 
which we obtained previously (Table I). 

FIGURE 2 
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We have apparently eliminated memory effects by using an acid 
wash and rinse cycle. While this solves the analytical problems, it does 
bring up a question of throughput advantage. Considerable throughput 
is lost If the system Is digesting only 50% of the time. To overcome this 
problem, we have been investigating the possibility of a multltube 
approach. In theory, a two tube system would have a throughput of 
approximately one sample every two minutes, while a four tube system 
would have a throughput of one sample every 1 minute. In the last case. 
the throughput would closely match the throughput of ICP spectrometer 
systems, however one must not forget that cooling and deaeratlon would 
require additional processing along the way, although they need not 
change the throughput since they could be done in-line. 
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It is critical that one appreciate that two types of "kitchen" 
microwave ovens are available at this time. Those with carrousels and 
those with "spinners" at the top. Carrousel systems deliver power to only 
a small portion of the oven. The systems work because the material Is 
brought through flux for uniform exposures by the rotating carrousel. 
This type of arrangement is unsuitable for our type of work, since only a 
small portion of the coll would be exposed. For this reason, spinner 
based systems must be used. One then must be concerned about the 
uniformity of flux Inside the oven. To study what might happen In a 
spinner microwave oven, a series of power distribution experiments were 
conducted by placing beakers of a fixed volume of water inside a 
microwave oven. The power was turned on for a fixed length of time, 
and the change in temperature was used to obtain a measure of the 
power delivered to an aqueous sample. The data for a single beaker is 
presented in Figure 3. The vertical axis refers to relative power 
transferred as indicated by a change in temperature. The other two axes 
are physical dimensions from one comer. In essence, the "x and y* 
correspond to the Boor of the oven. 

Figure 1 indicates a roughly uniform distribution, however, it is 
interesting to consider what might happen when two cotls were placed In 
the microwave, with one coll on or beside the other. One might then be 
concerned about shielding effects. 



FIGURES 




Figures 4 and 5 demonstrate various shielding experiments in 
which four beakers were place in the comers of the microwave oven while 
another beaker was moved to various positions. It becomes clear that 
some shielding may occur. This may imply that a braiding arrangement 
is best or simply that higher total power is required with more careful 
monitoring of the pressure within each tube. 



FIGURE 4 
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Figure 1 has been simplified somewhat. The present system 
actually incorporates feedback between the pressure transducer and the 
power input, thereby minimizing the potential for overpressures and 
damage to the equipment. When the pressure threshold Is exceeded, 
power Is cut to the system until the pressure is reduced to the threshold 
level. Only extremely rapidly changing pressure levels could now cause 
damage to the system. This would most probably be caused by using the 
wrong chemistry on a given sample type, an operator error. 

Work continues towards the development of a fully automated 
system. We will discuss our work towards a "particle proof valve at the 
conference. 



63 



DEVELOPMENT OF NEW CAPILLARY GC COLUMNS TOR DETERMINATION OF ORGANICS 
IN ENVIRONMENTAL SAMPLES. Thomas O. Tiernan*, John H. Garrett and 
Joseph 0. Solch, Hright State University, Department of Chemistry, 
Dayton, Ohio 45435, U.S.A. 

A multidimensional computer model has been developed which predicts 
the functional group composition of stationary phase coatings used in 
bonded-phase capillary GC columns which will yield optimum separations 
of selected mixtures of organic compounds. Among the variable 
parameters incorporated in this model are the temperature program, the 
head pressure, the column length, the column film thickness, and 
functional group interactions within the bonded phase. The model 
ultimately yields functional group capacity factors from which 
retention time data for separations of selected compounds are 
calculated for various stationary phase compositions. On the basis of 
these predictions, the optimum stationary phase is identified and 
synthesized, and a capillary column is coated with this phase and 
tested experimentally to evaluate its separation characteristics. The 
application of the model for predicting the separations of the entire 
set of the 2, 3,7, 8-chlorine substituted polyehlorinated dibenzo-p- 
dioxin (PCDD) and dibeniofuran IPCDFJ isomers will be described. In 
addition, use of the model to predict separations of a set of volatile 
organic compounds on a series of commercially available columns of 
different lengths will be demonstrated. The performance of capillary 
columns prepared by J s w Scientific, our collaborator in this work, 
on the basis of the model predictions for both of these applications, 
will be discussed. 
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INTRODUCTION 

The Inductively Coupled Plasma (ICP) has established an enviable 
performance record as a source for both atomic emission spectrometry 
(AES) and mass spectrometry (MS). While matrix effects in ICP-AES are 
only moderate, it lacks the sub part-per-billlon (ppb) detection limits of 
tCP/MS. On the other hand. ICP/MS suffers from a wide variety of 
matrix effects 1 1] which can affect the accuracy of the system. In our 
laboratory we have experimented with Direct Sample Insertion (DSI) |2| 
for liquid sample analysis by ICP-AES and ICP/MS. While detection limit 
advantages are gained with DSI in both AES and MS. DSI-ICP/MS offers 
the additional advantage of a significant reduction In matrix effects by 
eliminating the solvent from the sample introduction process [2). 

Flow Injection (Fl) has been, used extensively in configurations 
commonly called Flow Injection Analysis (F1A) systems [31. and more 
recently as an approach to extending the capabilities of atomic 
spectrometry [4]. Ff preconcentration offers two important benefits for 
ICP spectrometry. The first is the preconcentration advantage, generally 
between one and two orders of magnitude |5-8| . The second advantage 
arises from the separation of the analytes from Interfering matrix 
constituents. Samples which have undergone the 1-T preconcentration 



treatment emerge from the system In the same matrix, namely, that of 
the eluant. This has advantages for ICP spectrometry, particularly 
1CP/MS, which Is more sensitive to matrix effects than ICP-AES. 

One loses a great deal of the advantage of preconcentratlng the 
sample if a significant fraction does not reach the plasma. The low 
transport efficiency (between 1 -5% ) of most nebull2er/spray chamber 
combinations indicates that a special advantage for FI-ICP spectrometry 
may be gained by using DSI, which provides a sample Introduction 
efficiency of 100%. While previous liquid DSI-ICP-AES and DSI-1CP/MS 
work in our laboratory was oriented towards the use of wire loops [2,9|. 
there have been several recent reports in the literature that either a thin- 
walled thin-stemmed graphite cup or a deep undercut electrode give 
excellent performance with liquid samples [10,11). These configurations 
reduce cup mass and facilitate rapid heat transfer to the sample, 
resulting In narrower, more Intense peaks. In our previous report [12] we 
discussed both the development of special graphite probes for FI -DSI- 
ICP-AES and the experimental aspects of the method. 

In this paper we have addressed the question of the expected 
"multiplicative effect". It would seem that the preconcentratlon factor of 
the FI front end could be almost directly multiplied by the detection limit 
improvement of DS1-1CP. Since both advantages are significant, about a 
factor of 10, the combination of the two should provide a stunning 
improvement, of about two orders of magnitude. 



RESULTS AND DISCUSSION 

The operating parameters for the flow injection system and the DSJ 
system were optimised separately, as there was no reason to expect any 
interaction between the two subsystems. The Chelex-100 Ion exchange 
resin columns were optimized with respect to length and inner diameter. 
"Optimal" in this case was determined to be the column that gave the 
highest intensity signal in the smallest time window for a fixed sample 
volume without exceeding the loading capacity of the column. The other 
operating parameters that were varied include sample loading rate, pH of 
the buffer, acid strength and etutlon flow rate. These experiments were 
normally conducted by running the eluant directly into a nebulizer/spray 
chamber system. 

The precision of determinations at the 5 ppb level (about 100 times 
the detection limit with clean blanks) using peak integration for the three 
elements averaged 4% RSD using manual drying of the eluant into a cup. 
Although this precision is quite good, there is potential for Improvement 
since Uie DS1 system has previously exhibited precisions for liquid work 
of about 1% [9] when automated. 

By collecting small fractions of eluant, it was determined that a 5.0 
mL injection volume eluted in approximately 160 jiL providing a 
preconcentration factor of 30. typical of many of the systems described 
above. Detection limit improvements ranging from xlO to xlOO (element 
specific) have been reported [8] for DSI alone. In Table 1 we have 
presented detection limits for DSI obtained independently of the FI 
system. One would then expect that the product of the DSI Improvement 
Factor and FI Preconcentration Factor would produce detection limit 
Improvements of the magnitudes shown in Table 1 . The performance 
data obtained are given in Table 2. The thin walled cup detection limits of 
Table 1 were obtained with a slightly different optical arrangement 
(viewing height and lens position) than that used for the final set of 



experiments which provided the data in Table 2. Nevertheless, the 
observed multipllcaUve effect is certainly of the same order as that 
predicted. 

Tabic 1. FI-DSI-ICP-AES Performance Expectations 

Element 



Pb 
Zn 
Cu 



Nebulizer 


DS1 


DSI 


FI 


Expected 


Detection 


Thin Cup 


Improvement 


Preconcn. 


Improvement 


Limit 


Detection 


Factor 


Factor 


Factor 


(ppb) 


Limit 

(ppb) 








30 


0.9 


30 


30 


900 


SO 


0.6 


130 


30 


3900 


8 


0.9 


9 


30 


270 



Table 2. FI-DSI-ICP-AES Performance Data 



Element 


Nebulizer 


Ideal Blank 


Improvement 


Real Blank 


Improvement 




Detection 


Detection 


Factor 


Detection 


Factor 




Limit 


Limit 




Limit 






Ippbl 


(ppb) 




(ppb) 




Pb 


30 


0.05 


600 


0.04 


700 


Zn 


SO 


0.07 


1200 


1 


80 


Cu 


8 


0.06 


140 


0.2 


40 



As the relatively high nebulizer detection limits In Table 2 reveal, 
the spectrometer could be considered somewhat sub optimal. Several 
nebulizers (Meinhard and Legere) imported from a conventional 
spectrometer provided the solution detection limits presented when used 
with this system, yet these nebulizers performed up to factory 
specifications on a newer system, usually providing detection limits 
about an order magnitude better. Since the purpose of the experiments 
was to establish the general validity of the multiplicative effect, we are 
extremely pleased with our results. It Is however unfortunate that the 
optics had not been brought up to optimal at the time of these 
experiments. None-the-Iess. detection limits in the 50 ppt range are 
encouraging at this stage. 
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Since we do not have an In-house ICP/MS system, this was our 
first experience working at sub ppb levels. Our first experiments with the 
system demonstrated that the blank levels were very high. After several 
changes of reagents and the installation of guard columns, the blanks 
were reduced drastically, but continued to be quite high, with signals 
corresponding to 0.2. 3 and 0.8 ppb of Pb, Zn and Cu respectively. Some 
detective work revealed that both the valves on our Injection system, 
which has been In use for two years, were contaminating the system. 
One column of the data in Table 2. labelled "real", was collected using 
the less contaminated of the valves. The first set of detection limits, 
called "ideal", was determined using doubly distilled water in a DSI cup 
as the ideal blank. The improvement factors were calculated using both 
sets of data. 

We have made no attempt in this study to demonstrate the 
linearity of calibration curves. Both separations methodologies [ 131 and 
DSI technologies |9] have demonstrated a linear response over at least 
three orders of magnitude, While this would Indicate that curves would 
be linear, it will be critical to evaluate the performance when we move on 
to more extensive testing. We have also not attempted to further reduce 
detection limits by Increasing the sample volume. Elementary theory 
Indicates that a linear Improvement would be expected as long as the 
column loading capacity was not approached. If Implemented under the 
same operating conditions, the price paid would be a proportional 
increase in analysis time. 



CONCLUSIONS 

Considerable effort on our part was expended during the earlier 
stages of this work to develop a convenient automated FI-DS1 Interface. 
Our efforts were primarily directed at depositing the FI eluant on wire 
loops, which we felt would provide the best detection limits. The difficulty 
of achieving this Interface led us to change to graphite electrodes as 
probes. The excellent wire loop detection limits were. In large part, due to 
the rapid heating of the loop. This observation encouraged us to develop 
an extremely thin walled, narrow stem electrode. This does not imply 
that graphite cups are necessarily the ultimate solution. Our expectation 
Is that a system which sprays the eluant onto a hot surface would 
provide a suitable Interface. The surface could be either a DSI probe or 
an electrothermal vaporization (ETV) system. The ETV configuration 
offers a number of potential advantages which are worth mentioning. 

1 . Convenient control of the drying step since the capability Is 
Integral in the design. 

2. Rapid switching between conventional liquid Introduction and 
ETV introduction. 

3. More control of the experiment by decoupling the vaporization 
and excitation systems. 

It Is important to note that some elements generally do not provide 
the excellent performance of the elements selected for this test, due to 
the formation of non-volatile carbides. This Is not to say that these 
elements can not be determined by this approach: there appear to be at 
least two ways to address the problem. The first is to use metallic DSI 
probes [9, 1 1] or ETV boats. There would then be some concern that the 
acidic solutions used with an ion exchange preconcentratlon column 
would corrode the probe and introduce significant contamination. There 
are several FI preconcentratlon modes [8. 14] which elute the analyte in a 



complexed form after either an Jon exchange or an adsorption column. 
The eluants are considerably less corrosive than the strong nitric acid 
that Is used for traditional ion exchange. Alternatively, if the complex can 
survive the drying process on a graphite surface, it may provide a volatile 
carrier for the bound metals, thereby furnishing even better performance 
(sharper peaks) while reducing concerns about carbide formation. 

We are pleased to observe the multiplicative effect that one would 
expect with a complementary hybrid arrangement of this type. Fl-DSI- 
ICP spectrometry seems to offer the potential for bringing ICP/MS 
detection limits to ICP-AES, as well as providing the other advantages of 
Fl sample handling. While not demonstrated in this work, a natural by- 
product of the separation phenomenon would be a reduction of ICP/MS 
matrix effects, perhaps to levels matching or less significant than those 
of ICP-AES. One would also expect detection limit benefits for F1-DS1- 
1CP/MS to accrue. 

DSI systems have demonstrated relative standard deviations of less 
than 1%. Similar performance Is possible with FIA systems. Our 
precision of 4% leads us to believe that there are significant advantages 
to be gained in detection limits, reproducibility, and general operaUng 
performance, by developing an automated Interface between the Fl and 
the DSI systems. In fact, an automated interface would seem to us to be 
one of the most Important obstacles to overcome before this technique 
can achieve a wide level of acceptance. 
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AUTOMATABLE TOTAL CYANIDE ANALYSIS. 

L. Hen-era*, T. Tarsitano and D. W. Kirk. 
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University of Toronto, Toronto. Ontario M5S 1 A4. 

The analytical determination of the "total cyanide" concentration is very important for many 
industrial applications and for environmental protection, reguiation and process control. Gold and 
silver extraction by cyanidalion and froth flotation are the principal industrial applications for 
cyanide. According to Von Michaelis (1), about 41% of the cyanide consumed in gold and silver 
recovery is consumed in South Africa where about two thirds of the "free" world gold is 
produced, while Canada consumes about 7,1% of the world cyanide consumption. Since the 
simple cyanide and some of the metaitocyano complexes are toxic or extremely toxic, they are 
Subject to governmental regulations for worker safety and environmental discharge. According 
lo the Ontario regulations, the maximum acceptable level of cyanide for drinking water is 0.2 
mg/L (2). The discharge of cyanide in South Africa is regulated in terms of "total" cyanide with 
a maximum allowable level of 0.5 mg/L (3). The U.S. Environmental Protection Agency (EPA) 
water quality criterion to protect freshwater aquatic life is 3.5 |ig/L of free cyanide as a 24- hour 
average, and the concentration should not exceed 52 u.g/L at any time (4). 

The temi "total cyanide" is used for all cyanides, i.e. free as well as coordinated cyanide in 
a sample. The concentration of free cyanide in a solution depends on the pH value of the soluuon 
and on its content of heavy metals capable of forming cyanide complexes (5). Depending on their 
•.lability constants, complexed metal cyanides vary in toxicity. The ionization of such complexes. 
changes in pH. or photo-decomposition caused by sunlight, can result in the formation of 
molecular hydrogen cyanide which is a very toxic gas. 

Recently, "total cyanide" determination has become the subject of numerous published papers, 
which include the use of a variety of methods such as litrimetry, colorimetry, cyanide-selective 
electrodes, coulometry, gas chromatography, high performance liquid chromatography, 
poiarography, and atomic absorption, but still an appropriate method free from matrix 
interferences is not available. Liu et al (6) emphasize that the standard methods for cyanide 
analysis use aeid distillation procedures to decompose metal cyanide complexes, but these 
methods have several drawbacks. The acid distillation procedure is very time-consuming and 
labour intensive. The methods also suffer seriously from a number of interferences such as 
sulphide and thiocyanate. To avoid the problems and safety handling aspects, automatable 
methods would be preferred. Some automated methods have been suggested by many authors, 
but most sull are preceded by a tedious manual distillation procedure if the "total cyanide" value 
is desired. Zhu and Fang (7) stress that stringent control of cyanide in industrial effluents 
demands automation so that determinations can be repeatedly conducted preferably at intervals 
of a few minutes for extended periods. These authors claim that the serious potential hazard of 
cyanide exposure can be lowered if the distillation process is not incorporated in the system. 

Liu et al (61 have suggested a different approach to cyanide detection based on the 
photodissociation reaction of metal cyanide complexes under UV irradiation in an acidic medium 
using an automated system. Many authors have shown that metal-cyano complexes can undergo 
photodisruption when they are exposed to ultraviolet irradiation, but stable eyano-complexes such 



as Fe(CNV. Fc(CN) s ' J and Co(CN) 6 ! are difficult to completely photodissociale. This cyano- 
ligand displacement from the coordinated cyanide does occur with UV irradiation, but UV 
irradiation can also result in the decomposition of thiocyanate to form sulphide and cyanide or 
can affect other sulphur species present in the solution. Special precautions must be taken to 
prevent these interferences which could produce a positive interference. Sample pretreatment is 
an important procedure to prevent interferences. Nonomura (8) has reported an optimized 
analytical procedure for the determination of total cyanide which avoids this positive thiocyanate 
interference 

The ultraviolet photochemical decomposition combined with the ion Chromatography (1Q 
method, has been used as the basis for our research. Electrochemical detection (EC) is an 
appropriate way of detecting low amounts of simple/free cyanides in solution. One of the 
advantages of using IC with EC detection is the low amount of sample required and the rapid 
response obtained, as welt as the sensitivity of detection. UV spectrophotometric detection was 
used with the IC in order to check or confirm the metal-cyano complex disappearance. In 
addition, a cyanide specific ion electrode was used for simple cyanide detection. In order to 
achieve an optimal photodecomposition, the research is focused on the analysis of the specific 
wavelength photosensitivity of the cyanide complexes and optimized reducing conditions. 

EXPERIMENTAL SECTION 

REAGENTS. Standard Cyanide Solution. 1000 mg CN/L of NaCN in 0.01M NaOH, 
prepared from analytical grade reagents and deionized water. Working solutions were prepared 
by dilution, Standardization was carried out using AgNO,. 

Standard Ferrocyanide Solution, 100 mg CN/L of rv,[Fe{CN)J,3H,0 (99% purity) in 0.0IM 
NaOH for IC method and 0.1 M NaOH for the specific ion electrode method for ionic strength 
adjustment, prepared from analytical grade regents and deionized water. Working solutions were 
prepared by dilution. 

Standard Ferricyanide Solution. 100 mg CN7L of Kj|Fe(CN\| (99.92% purity) in 0,1 M 
NaOH for the specific ion electrode method for ionic strength adjustment, prepared from 
analytical grade reagents and deionized water. Working solutions were prepared by dilution. 

ELUENTS. 

Eluent 1. 0.01M NaOH prepared from analytical grade reagent and deionized water. 

Eluent 2. 20 mM NaOH, 15 mM NaCN and 30 mM NaC10,.(9). 

EQUIPMENT. A Dionex 2000 Ion Chromatography was used, having an AS5 separating 
column and an electrochemical cell or a UV spectrophotometer after the column. A loop sample 
size of 10 (lL was used in the injection valve and an eluent flow of 2 ml/min was set. 

A Dionex potentiostat was set-up with an applied potential 0.15 V vs. Ag/AgCl and the 
output was sent to a recorder for peak height measurement. 
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A Waters Millipore spectrophotometer, model 481, was used ai 0,05 AUFS with a specific 
wavelength for each metal cyano complex. 

An Orion cyanide electrode, model 94-06 was used with an Orion specific ton meter, model 
720A. 

An Oriel 5(10 Wait mercury lamp, model 6285, was operated at 74 volts and 5.3 amperes as 
the UV irradiation source. 

GENERAL PROCEDURE. 10 ml of fresh solutions of ferri or fcrrocyanide prepared by 
dilution from the stock solution, having either 7 mg CN/L for 1C measurements or 10 mg CN/L 
for the specific ion electrode measurements, were irradiated with UV for a period ranging from 
1 to 15 minutes. The free cyanide produced by photolysis was detected in the solution using both 
methods (specific ion electrode detection and 1C using both EC and UV detection). With the IC 
method using EC detection, eluent 1 was used. The remaining meial-cyano complex, was checked 
using IC with UV detection, and eluent 2 was used. For the specific ion electrode measurements 
ionic strength adjustment was achieved by diluting the ferri or ferrocvanide stock solution with 
0.1 M NaOH to 10 mg CN/L. 

For the effect of temperature on fcrrocyanide solutions. 10 ml of fresh solutions of 
ferrocyanide prepared from the stock solution, having 7 mg CN/L, were held in a bath at 5"C 
or 45"C and were UV irradiated. 

RESULTS AND DISCUSSIONS. 

CALIBRATION CURVES. The standard calibration curve for cyanide measurement using 
the specific ion electrode shown in Figure 1(a), illustrates linearity between millivolts and 
concentration of the cyanide solution from 0.5 to 20 mg CN/L. Data follows the regression 
curve: log(conc) = Q.016818«mV - 1003036. where concentration is given in mg CN/L. The 
correlation coefficient is 0.9978 and concentrations were determined with in ± 3.7%. A typical 
calibration curve for cyanide measurement using IC with EC detection is shown in Figure 1(b), 
having a correlation coefficient of 0.999 and concentrations were determined with in ± 0.5%. For 
the measurement of the unknown solutions of photodissociated cyanide using IC with the EC 
detection, a calibration curve was prepared immediately before the measurements because of day 
to day variability in the calibration curve. No linear region was found for these calibrations. 

The standard calibration curve for ferrocyanide measurements using UV spectrophotometric 
detection is shown in Figure 2(a). and it shows linearity between peak size (mm) and cyanide 
concentration (mg/L). Data follows the regression curve: CN conc.(mg/L) - (peak ■ 
4 1 1966)/7.244083, where peak size is given in millimetres. The correlation coefficient is 0.9983 
and concentrations were determined with in ± 4%. 

IV IRRADIATION OF SODIUM CYANIDE. When the sodium cyanide solution was U.V. 
irradiated, a constant value of cyanide was obtained using both methods for the detection of 
cyanide as shown in Figure 2(b). The CN concentration of the solution for specific ion electrode 
was 10 mg/L and for the IC with EC detection 7 mg/L. This shows UV irradiation that the 
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simple cyanide was not photosensitive to UV irradiation under the test conditions and that both 
detection methods were suitable for free cyanide determination. 

UV IRRADIATION OF FERROCY ANIDE SOLUTION. Solutions of potassium fetrocyanide 
with pH about 1 2 were UV irradiated for various times and the amounts of free cyanide produced 
were measured by both IC with EC and the specific ion electrode. The results are presented in 
Figure 3 as percentage free cyanide recovered In our experiments, 98% of CN recovery was 
measured after 5 minutes of UV irradiation, with the use of the specific ion electrode method; 
and 100% recovery with the use of the IC method with the EC detection. The disappearance of 
fetrocyanide was followed with the IC using UV spectrophotometric detection set at 220 nm, and 
complete disappearance of ferrocyanide was found after 10 minutes of radiation (see Figure 3). 
A gradual photodissociation of the metal complex was observed with lime. According to many 
authors, ferrocyanide changes rapidly to the (Fe(CN),H,0)' 3 with the liberation of the cyanide 
ligand, however in our work complete photodissociation was found after 10 minutes showing a 
complete disappearance of (Fe<CN),H,0) 3 . Otake et al.(10), claim that the rate of disappearance 
of ferrocyanide and (Fe(CN),HjO) ' were zero order with respect to the concentration of the 
species and both rates were independent of reaction temperature, but varied with the pH value 
and the light quanta absorbed by the solution, The use of the UV spectrophotometer confirmed 
the fact that ferrocyanide dissociated. This ferrocyanide dissociation can be accelerated if the UV 
intensity is increased by increasing the applied voltage to the Hg lamp. 

EFFECT OF TEMPERATURE ON UV IRRADIATION OF FERROCYANIDE. The time 
of radiation causes a temperature rise in the ferrocyanide solution. This gradual increase in 
temperature with time is shown in Figure 4. This variation in the temperature is important 
because the rate of ferrocyanide photodissociation may be temperature dependent. For this reason, 
the rate of ferrocyanide photodissociation was studied at different temperatures. Contrary to Otake 
ct AJ's work, the rate of photodissociation for the ferrocyanide solutions increased with the 
temperature of the solution as shown in Figure 5. For the solution held at a temperature of 5°C, 
90% of ferrocyanide dissociation was achieved at 10 minutes. For the solution held at 45°C, that 
photodissociation was achieved at 4 minutes (see Figure 5). Thus, elevated temperatures could 
be used to reduce irradiation time. 

U. V.IRR AD! ATION OF FERRICY ANIDE SOLUTION. A solution of potassium ferricyanide 
with a pH about 12 was UV irradiated and the free cyanide produced was detected with the 
specific ion electrode method. A maximum of about 80% of cyanide recovery was obtained after 
7 minutes and decreased to 72% after 15 minutes. Since the recovery of ferricyanide was only 
80% but the recovery of ferrocyanide was quantitative, the use of a reducing agent was indicated. 
Various reducing agent were tested (sodium borohydride, to 250 mg/L of ferricyanide solution; 
50% v/v hypophosphorous acid, 0% to 10% v/v in the ferricyanide solution; and hydrazine, 0.1 
to 100 mg/L of ferricyanide solution). The highest recovery was found with 0.5% of 50% v/v 
hypophosphorous acid. The results with this reducing agent are shown in Figure 6. After 10 
minutes of UV irradiation, 98% cyanide recovery was achieved. 



CONCLUSIONS. 

The following conclusions are based on she initial results of this study. 

(1) The specific ion electrode had a linear response over cyanide concentrations from 0.5 to 

20 mg/L. Concentrations were determined with in ± 3.7%. 

(2) IC with EC detection did not show a linear response even over a relative narrow CN 
concentration range to 7 mg/L, A smaller sire of the micro-loop may be needed to 
obtain linearity. A calibration curve must be performed with the measurements since the 
calibration varies from day to day. Concentrations were determined with in ± 0.5% in 
most of the calibrations. 

(3) IC with UV spectrophotometric detection had a linear ferrocyanide response over the 
range to 7 mg CNVL. Concentrations were determined with in ± 4.0%. 

(4) No UV photodecomposiiion of simple CN" was observed when sodium cyanide solutions 
were UV irradiated. 

(5) Quantitative yield of cyanide recovery was found for ferrocyanide solutions after 10 
minutes of UV irradiation. 

(6) Temperature could be used to increase rale of cyanide recovery from ferrocyanide 
solutions. 

(7) Quantitative yield (98%) of cyanide recovery from ferricyanide solutions required a 
reducing agent. The best reducing agent tested was 0.5% of 50% vfv hypophosphorous 
acid. 

FUTURE WORK. 

This project will a) demonstrate that quantitative decomposition of other metal cyanide complexes 
can be accomplished without causing cyanide loss, b) that the thiocyanase ion is not decomposed 
under the required radiation conditions, c) that there are no other interferences that bias the total 
cyanide values, and d) describe an appropriate automatable system. 
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FIGURE 1(a): CYANIDE CALIBRATION 
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FIGURE 1(b): CYANIDE CALIBRATION 

USING ELECTROCHEMICAL CELL 
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FIGURE 2(a): FERROCYANIDE CALIBRATION 
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FIGURE 2(b): CYANIDE UV IRRADIATION 

USING SPEC. ION ELECTRODE AND EC CELL 
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FIGURE 3: FERROCYANIDE UV IRRADIATION 
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FIGURE 4: TEMPERATURE-IRRADIATION TIME 
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FIGURE 5: FERROCYANIDE PHOTODISSOCIATION 
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FIGURE 6: FERRICYANIDE PHOTODISSOCIATION 
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THE USE OF ENVIRONMENTAL ISOTOPE SURVEYS IN 
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ABSTRACT 

The "freshwater aquifer" is a widely-used, regional aquifer which underlies most of Essex, 
Kent, and Lambton Counties in southwestern Ontario. It consists of fractured bedrock 
subcrop plus a thin layer of overlying granular material. Even though the aquifer in the 
central part of Essex County is remote from the obvious recharge area and is covered by 
more than 25 m of clayey overburden, it contains groundwater that appears to be less than 
about 40 years old (Crnokrak, 1991). This enclave of anomalously young groundwater 
coincides with a linear morphological feature mapped by Morris (pers. comm.). We used a 
program of exploratory drilling, hydrometric monitoring, environmental isotope tracing, and 
natural gcochemical tracing to determine if the feature can explain the rapid recharge of the 
freshwater aquifer. This paper outlines the problem and briefly summarizes our initial 
results. 



INTRODUCTION 

Objectives 

The main goal of this study is to determine whether a linear morphological feature, reported 
to be an esker buried beneath clayey overburden, is responsible for the anomalously young 
groundwater noted in the central part of the freshwater aquifer in Essex County, Ontario. 
The primary objectives in the first year of the study were to: (1) verify the existence of the 
buried esker reported by Morris (pers. comm.), (2) verify the existence of the anomalously 
young groundwater in the freshwater aquifer, and to (3) examine the spatial relationship 
between the young groundwater and the feature. 

The Problem 

The "freshwater aquifer" is a widely-used, regional aquifer which underlies most of Essex, 
Kent, and I-ambton Counties in southwestern Ontario. Regionally, the aquifer consists of 
fractured bedrock subcrop and generally not more than a few metres of granular material. 
The aquifer thickens considerably in bedrock valleys such as the one in Samia (Intera 
Technologies Lid., 1987). Dillon (1987) estimate that the horizontal groundwater velocity in 
the freshwater aquifer in central Essex County is in the order of 2.5 m/a. 

The clayey overburden overlying the freshwater aquifer commonly exceeds 30 m. According 
to Desaulniers et al. (1981), this overburden is usually thick enough and of sufficiently low 



permeability (in the order of 2 x 10'° m/s) to be widely suitable for waste disposal. Ruland 
et al. (1991) conclude that active groundwater flow in the clayey overburden is restricted to 
the upper several metres. Recent research by D'Astous et al. (1989), however, raises some 
doubt about our ability to accurately characterize the hydraulic conductivity of the fractured 
clays that commonly occur throughout the region. 

At the University of Windsor, we have mapped the distribution of environmental isotopes 
(oxygen- 18 and tritium) in the freshwater aquifer in Essex, Kent, and Lambton Counties. 
The distributions of theses isotopes reflect the natural recharge, discharge, and flow 
directions in the aquifer. The distinctive input functions of these isotopes can be used to 
differentiate between groundwater recharged thousands of years ago and groundwater 
recharged within the last few decades. Fritz and Pontes (1980) and others give details about 
the use of oxygen- 18 ("O) and tritium ( J H) in hydrogeologic studies. 

Figure 1 from Crnokrak (1991) shows the distribution of "O in the freshwater aquifer in 
Essex County, "O analyses are expressed in the standard del (S) notation in parts per mil 
(o/oo) difference relative to the international standard SMOW (Standard Mean Ocean 
Water)(Craig, 1961), where: ^'O - [(R, - R SMO w)/(R SM ow)] x 1000; where: R = "OVO and 
x = sample. The analytical precision for "O measurements by mass spectrometry is better 
than ± 0.2 o/oo. 

Figure 1 is based on groundwater collected from 35 domestic wells completed in the 
freshwater aquifer. According to Crnokrak (1991), Desaulniers et al. (1981), and Edwards 
and Fritz (1988), the fi"0 values in the northeast and northwest parts of the county (-15 
and -16 o/oo) indicate groundwater that was recharged during cooler climatic conditions 
more than 10,000 years ago. The relatively enriched 6"0 values found in the groundwater 
in the southern and central parts of the county (-8 to -10 o/oo) are indicative of groundwater 
recharged under the milder climatic conditions of the past 10,000 years. 

Crnokrak (1991) reports that the electrical conductivity (EC) and 'H distributions are 
consistent with the "O distribution. She observed EC values in the freshwater aquifer 
greater than 3000 itS/cm in the northeast and northwest parts of the county, while the EC 
values are less than 500 pS/cm where the relatively enriched 4"0 values occur. 

More significantly, the groundwater in the enclave of enriched S"0 values in central Essex 
County have 'H concentrations characteristic of recharge since 1952. Groundwaters 
recharged since 1952 contain anthropogenic ] H derived from atmospheric testing of nuclear 
bombs. These groundwaters are characterized by 'H concentrations exceeding 3 TU, where: 
1 TU = 1 tritium unit = l'H in 10" 'H atoms. Groundwaters recharged prior to 1952 
contain only cosmogenic 'H that has now been reduced by radioactive decay to 
concentrations less than 3 TU. 

The location of this enclave of young groundwater is puzzling. Rapid vertical recharge 
through the thick aquitard has been considered to be unlikely in view of the isotopic studies 
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Figure 1. Distribution of oxygen- I 8 in the freshwater aquifer (after Cmokrak, 1991). 

by Desaulniers et at. (1981). Lateral flow from the closest obvious recharge area also seems 
improbable given the low groundwater velocity in the aquifer reported by Dillon (1987). 

Although Cmokrak's (1991) ls distribution map for the freshwater aquifer may be explained 
using the groundwater velocity reported by Dillon (1987), her 'H distribution map cannot be 
explained in this manner. Groundwater containing anthropogenic *H should only be found 
wiihin a few hundred of metres of the recharge area. The nearest surface expression of the 
aquifer recharge area, however, is more than 10 km upgradiem from some of the tritiated 
groundwater in the freshwater aquifer reported by Cmokrak (1991). 

A clue to the origin of this young water may lie in the study by Morris (pers. comm.). 
Based on remote sensing, field mapping, and drilling data, Morris (1989) mapped a linear 
morphological feature in centra] Essex County that he concludes is a buried esker. Morris 
(1989) first noted the feature by lighter tones on remote sensing images. There are no other 
obvious surface expressions of this feature. While comparing data in the summer of 1989. 
we noted that Morris' linear morphological feature coincided with Cmokrak's enclave of 
anomalously young groundwater in the freshwater aquifer. 

We began with two hypotheses to explain the young groundwater. First, groundwater 
velocities are very high along the reported esker enabling rapid lateral groundwater 
movement from the closest obvious recharge area. Second, precipitation has recharged the 
freshwater aquifer rapidly by infiltrating through localized deep vertical fractures through the 
aquitard which are related to the settlement of (he clayey deposits over the buried esker. 



METHODS 

Our genera] approach to the problem has been to assess groundwater ages and flow directions 
along, and perpendicular to, the linear morphological feature. To do this, we examined "O, 
*H, EC, and hydraulic head distributions in the vicinity of the feature. We installed 
monitoring wells in two transects across the feature (Sites 1 and 2 on Figure 2) and extended 
the network with nearby domestic wells. Figure 2 also plots the trace of the linear 
morphological feature reported by Morris (pers, comm.). 

At both Sites 1 and 2, we attempted to drill a "deep - hole through the crest of the feature 
and on to bedrock to determine the stratigraphy and the depth to the top of the aquifer. 
Since the feature has no surface expression, this proved difficult. After installing a 
monitoring well in the deep hole, we completed the transect with a two or three level 
piezometer nest and one or two additional wells screened in the aquifer within a distance of 
about 200 m. 

We squeezed porewater from Shelby tube samples of clayey overburden that were taken 
every 3 m from one deep hole at each site. These samples were used to determine the 
vertical distribution of "O. Samples from the monitoring and domestic wells were analyzed 
for "O, J H, and EC. 

Samples for "O analysis were prepared at the University of Windsor and analyzed at the 
University of Ottawa. Samples for 'H analysis were run at the Isotope Laboratory, 
Department of Earth Sciences, University of Waterloo. Samples from Sites 1 and 2 were 
analyzed for 'H using the enriched technique which has a precision of better than 1 TU. 
Samples from the domestic wells were analyzed using the direct method which has a 
precision of about ± 8 TU. According to Egboka et al. (1983), 'H values of less than 15 
TU by the direct method almost always mean that less than 1-2 TU are actually present. 



RESULTS AND DISCUSSION 

We drilled 9 boreholes in the two transects. Figure 3 shows the geologic cross-section for 
Site 2. All of the drill sites are dominated by clayey silt to silty clay grey till interbedded 
with numerous sand units. Bedrock was encountered at between 31 and 34 m below ground 
surface. At Site 2, we encountered almost 5 m of coarse granular material above bedrock al 
AMA-90-4a. At wells AMA-90-5 and 6, located 31 and 68 m north of AMA-90-4a, the 
thick layer of coarse granular material was not encountered. We did not encounter a similar 
coarse granular unit at Site 1. 

Although the regional map of hydraulic head in the freshwater aquifer suggests that 
groundwater flows from the feature outward (Crnokrak, 1991), the hydraulic head data from 
Sites 1 and 2 give no clear indication whether the feature is a recharge area. 
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Figure 2. Locations of monitoring and domestic wells. 
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Figure 3. Geologic cross-section at Site 2, 

The direction of the hydraulic gradient along the feature, from south to north, is consistent 
with the regional trend. From Site 2 to Site 1, the hydraulic gradient is approximately 
00004, This is somewhat lower than regional lateral hydraulic gradients noted by Dillon 
(1987). 



Assuming the highest observed hydraulic conductivity value (1.3 x 10 J cm/s) and a porosity 
of 0.3, the groundwater velocity along the feature from Site 2 to Site 1 would be about 
1.3 m/a. Although this velocity is consistent with the Dillon (1987) value, it cannot explain 
the presence of post- 1952 water in central Essex County by lateral flow. Even if we have 
underestimated the velocity by a factor of 10, we could still not explain post- 1952 water in 
central Essex County. 

The vertical hydraulic gradient at Site 1 is upward (0.063), as expected, since the wells in 
the aquifer are flowing. This suggests discharge rather than recharge. At Site 2, the 
hydraulic gradient is downwards (0.003) suggesting recharge. 

The preliminary isotopic and EC data (Table 1) are consistent with young groundwater in the 
freshwater aquifer around the feature. The more enriched & l *0 values that reflect more recnt 
recharge are found near the feature. The J H data indicate that groundwater recharged since 
1952 exists at Site 2 and at domestic wells on and near the feature. Elsewhere, the tritium 
data indicate pre- 1952 recharge. The EC values suggest fresher water near the feature. 

Studies by Desaulniers et al. (1981) and Sklash and Ibrahim (1991) have reported 
progressively more depleted 6 ts O values with depth in porewater in the clayey overburden in 
Essex County (Figure 4). These studies conclude that the groundwater in the lower parts of 
the clayey aquitard were recharged under cooler climatic conditions and are several thousand 
years old. The 4 18 values in this study are almost constant with depth. The very depleted 
5"0 values noted by others at the base of the aquitard are absent. 

Our results imply much younger water in the clayey aquitard and much more rapid vertical 
movement of groundwater through the aquitard than reported in previous studies. The 4 ,! 
distribution in the clayey overburden also suggests that the young groundwater in the aquifer 
is the result of vertical recharge rather than lateral arrival via the feature. The difference 
between the 4"0 distributions at Sites 1 and 2 may reflect the differences in vertical 
hydraulic gradient direction at the sites. 



CONCLUSIONS 

We used a program of drilling, hydrometric monitoring, and environmental isotope and 
natural chemical tracing to determine: (1) if the linear morphological feature noted by Morris 
(pers. comm.) in central Essex County is a buried esker, (2) if the groundwater in the 
freshwater aquifer around the feature is anomalously young as noted by Cmokrak (1991), 
and (3) to examine the spatial relationship between the young groundwater and the feature. 
The drilling results at Site 2 are not inconsistent with the linear morphological feature being 
a buried esker. The groundwater in the freshwater aquifer around the feature at Site 2 has 
apparently recharged within the last 40 years. Although relatively young groundwater 
resides near Site 1, the water is older than 40 years old. Our findings at Site 1 suggest that 
either the feature is much more subdued there or that we missed the feature. 
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Table 1, Selected chemical and isotopic data. 



WELL t DEPTH EC 6"o T 

<■> iut/cm) (o/oo) <TU) 

SITE 1 

Well 1 31.70 1650 -12.2 <0.8 

Wall 2a 27.80 1793 -11.0 <0.8 

Well 2b 7.62 2221 -12.2 <0.8 

Well 3 31.09 1432 -11.9 <0.8 
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Figure 4. Vertical distribution of oxygen-! 8 in the clayey overburden. 



The "O distributions with depth at both sites suggests more rapid vertical infiltration than at 
other sites studied in Essex County. These results also suggest that vertical infiltration, 
rather than lateral inflow, is responsible for the young groundwater in the freshwater aquifer. 

We are currently trying to obtain a better spatial definition of both the feature and the young 
groundwater by adding to our existing transects and by adding new transects to our 
monitoring network. In addition, we are examining the fracture distributions and orientations 
in transects across the feature. 
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ABSTRACT 

The cost protein gene from potato Virus X (FVX) was introduced into four potato cul tivars nsuij a disarmed 
binary vector and AgfPcbac|efiuffi tumefaeiens transformation system. Transgenic potato cultivars were shown to 
express the viral capsid protein and were resistant to PVX infection. The coat protein mediated protection resulted 
in a drastic reduction of the virus accumulation in transgenic potato culttvars in comparison to non-lransfmmed 
cultures. 



CSTRODUCTION 

Potato virus X (PVX) is the most widespread of potato viruses and often completely infects certain 
commercial stocks with yield reductions estimated up to more than 15%. PVX may be latent, without foliage 
symptoms or apparent effect cm plant vigor except when closely compared to PVX-free stocks. Dual infections of 
PVX and potato virus "Y fP V Y) may show a synergistic increase in disease symptoms and severity known as "rugose 
mosaic". PVX infection is systemic in the Soianaceae, usually produces local lesions in the Chenopodiaceae or 
Amaranthaceae and also infects certain Leguminosea. PVX is, with few exceptions, transmuted vegetatively by 
tubers in susceptible cultivars. Transmission through sap inoculation is accomplished by contact of plant parts in 
the field due to wind, animals or macbinary. 

PVX has many strains and the relationship among these strains has also been reported. These strains can 
be classified intD four groups on the basis of serology and infectivity for different potato varieties 3 . In plant cross- 
protection tests, strains of PVX may protect against the effects of one another completely, partially or not al all. 
The term of cross-protection is specifically applied to the protection of a plant by a mild strain of a virus or from 
subsequent infection by a virulent strain of the same virus 1 . The application of cross-protection in controlling plant 
virus diseases has been practised in some countries and has met with some successes. However, classical cross- 
protection is not recommended as a general practice because the so-called mild strains often reduce yield by about 
5-15%, there are no appropriate mild strains of some viruses available and the practice for field use is laborious. 
The dominant strain of a virus may change to a non-virulent strain, and the dangers of double infections and 
spreading to other crops still exists*. However, cross-protection induced by genetic engineering overcomes these 
problems. Introduction and expression of foreign genes in plants with the disarmed Ti plamsid of Agrobactenum 
tumefaeiens using a binary system' is well documentated. Tobacco plants genetically engineered to eipress the coat 
protein genes of TM V s -*, Cucumber Mosaic Vnns (CMV)">. PVX" Alfalfa Mosaic Virus (AIMV)"-" and Tobacco 
Rattle Virus (TRV) can be protected against subsequent infection of these viruses. 

Potato plants genetically engineered to eipress the coat protein genes or PVX'- ; and PVX and PVY 1 " can 
also be protected against subsequent infections of these viruses. The mechanisms of protection may be similar lu 
that of classical cross protection where the uocoating of the vims is inhibited and early events in RNA replication 
are moderated. The plant encoded coat protein might prevent virus disassembly, recoat the RNA as it is stripped, 
interfere with the putative receptor site on the host, or act by some other as yet unidenli fied mechanisms". 

In this study the coal protein gene (CP) of PVX Was cloned between the 35S promoter of cauliflower 
mosaic virus (CaMV)) and the nopaline synthase (NQS) trasneription terminator. The CP gene was then placed 
into a binary vector and used to transform four potato cultivars. Russet Burbank , Desiree, Shepody and Binlji. The 
resulting transgenic potato plants were analyzed fur the expression of viral coat protein and for their resistance lo 
PVX infection. 



MATERIALS AND METHODS 

C o nstruction ef rectHnbinanl plasmid of PolTrnk I with sub-cloned PVX cDNA 1 17A 

PVX cDNA clone 1 17A representing the 3' end of the RNA was used in this study. This cDNA clone 
containing the capsid protein gene was first linearized with Sail, the ends were rendered blunt by filling with 



Klenow fragment of E, £sli DNA polymerase I, and then digested with Xbal. A DNA fragment of about 1.3 khp 
containing the SK protein, the coat protein and the non-coding region was isolated. DNA fragments were then 
purified by 1 % agarose gel electrophoresis followed by elcctroelulion. Plasmid Polyroh 1 was linearized with Smal. 
mid then digested by Xbal. The linearized plasmid and the cDN A 117A fragment were ligated with T, DNA llgase 
(Pharmacia) and transformed into E. fob JM 101 or HB101. Bacteria harbouring the recombinant plasmid were 
plated onto LB plates containing kanamycin (50 ug/ml). Polyrok I is a derivative of pBin 10* which utiliies the 
trans-acting function of the vir region of the co-resident Ti plasmid in LB A 4404 to transfer sequences hop duel 
hy left and right T-DNA into nuclear genome of plants. The T region to Polyrok: 1 contains the neomycin 
phosphotransferase gene (NPT II) which is driven by the nopaline synthase (NOS) promoter. The plasmid Polyrok 
1 also contains an Xbal Sst 1 fragment (multiple cloning site) from pUC 19 bordered by the cauliflower mosaic virus 
(CaMV) promoter and a nos potyadenylaiion site (terminator). 

Conjugation of Agrobacterium tumefaciens (LBA 4404 with disarmed Ti plasmid) and £. cpjj was 
perforrued in a Iri-parenlal mating process. The donor strain £. cob HB 101 harbouring the recombinant plasmid 
Polyrok I containing the PVX coat protein gene and the helper strain, E. £o!i DH5 a containing pBRK 4013 were 
used in the triple mating process. CointegraUM were selected on LB plates containing kanamydn (ISO ug/ml). 
nalidixic acid (150 jig/ml) and streptomycin (375 ug/rol). 

Plant rrncnrnition/lrartsfiinriaiion 

(a) Transformation/Regeneration from tuber 

Virus-free potato tubers of ihe following cultivars, Desired. Russell Burbank, Shepody and Bintji were 
stored in the dark at 4'C. Potato tubers were washed, peeled and surface sterilized for 20 nun la 1 % hypoehloride 
solution. Tubers were then washed thoroughly in large volumes of sterile water. Discs 1-2 mm thick were sliced 
from cylinders of tuber tissue prepared with a cork borer. 

Agrobactenum tumefaciens (LBA 4404) containing Polyrok I with PVX coat-protein was grown on selective 
plates. Single colonies were grown overnight in liquid LB media with 100 fig/ml kanamycin. The final bacteria) 
concentration used was 10" cells/ml. Approximately 5 /d of bacteria were applied to the surface of potato discs. 
On ihe surface of filler paper laid on MSI containing MS salts" and vitamins with 1.5% sucrose and O.yv; 
bactoagar. After 4S hours of co-culture, potato discs were transferred onto selection media MS 31 containing MS 
salts, BS vitamins, 3» sucrose, 1 mg'l kinetin. 1 nig/l zealin, I mg/l BAP. 0.5 mg/l NAA, lOOmg/l kanamycin 
and 400 tng/1 carbenicillin, solidified with O.oii agar Primary shoots that develop after 3-4 weeks were cut off 
and remaining discs were cultured again in the same media. Secondary shoots obtained after 2-3 subcultures wore 
transferred to MS8 medium containing MS salts B5 vitamins. 3% sucrose. 0.5 mg/l gibberelic acid, 0.5 mg/l 
kinetin, 100 mg/| kanamycin, 400 mg/l carbenicillin and (1.9% agar. Routed plantes were transferred to soil and 
kepi under polyethylene bags and high humidity for about two weeks before transferring to greenhouse conditions. 

lb) Transformation/Regeneration from stem 

Axenie cultures of potato cultivars were propagated in vitro through shoot tip cuttings and maintained in 
MS %. Intemodal stem explaflts were cut 0.5 cm in length and then cut longitudenally and then transferred to 
bacterial suspension For 2 mm. , blotted on the surface of sterile fi Iter paper and transferred to p«n dishes containing 
MS 1. Explants (10 per plate) were co-cultivated with Acrobaetenum for 48 hrs., the explants were then washed 
in MS medium containing 1 g/L carbenicillin for 24 hrs. before being blotted dry and cultured in MS 7 medium 
containing B5 vitamins, 1 % sucrose, 1 % glucose, I % mannitol, I mg/l BAP, 0.5 ntg'l- Icalin, 0.5 mg/1 NAA, 400 
mg/1 carbenicillin, 100 mg/l kanamycin. solidified wilh 0.9% bactoagar. AgNOj 10 mg/J was included in MS 7 
media with Russett Burbank tissue culture' 11 . Regenerated shoots were rooted and transferred to soil as described 
above All potato cultures were grown in a culture room with 22°C day. 15" night and Id hr photoperiod with 
43uEm" ! sec' 1 light intensity. 
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Western him analysis of mat prot ein ev.nrg.sion 

Total soluble proteins were isolated from young leaves of kanamycin resistant potato, and from healthy 
control plants. Leaf tissue 0. 1 mg was extracted an ice with 3 ml of extirction buffer containing 0.3 M Tris-HCl, 
pH g.3, 15 mM DTT, I mM EDTA, I mM phenyl methyl sulfouyl fluoride (PMSF), [ mM Beiuidin. Protein 
pellets wore dissolved with sample buffer 0.5 M Tris-HCl, pH 6.8, 10% Glycerol, 10% SDS Wv, 5% 2-0- 
mercaploethtnol and 0.05% bromophenol blue and boiled at IO0°C for 3 min before loading on the gel. Protein 
samples were ran ( - 15 ng protein per lane) on SDS-PAGE continuous gel ( 1 2 % acrylamide for separating and 4 % 
for stacking), cross linker 0.05 » for separating and 0, t % for stacking gels in the buffer system of Laemmli 10 , using 
a Bio-Rad protein II apparatus. After electrophoresis, the gel was incubated in transfer buffer (25 mM Tns HCI, 
pH 8.3, 192 mM glycin and 20% methanol), Polypeptides were then transferred lo nitrocellulose membranes at 
a constant voltage of 30 V overnight. The membranes were then washed with TBS buffer (10 mM Tris HCI, pH 
8 and 150 mM NaCl), and coated with 5 % skimmed milk powder. Membranes were then incubated overnight with 
rabbit anti-PVX coat protein polyclonal antibody conjugated to alkaline pbospha£ase(1: 1000), then carefully washed 
win TBS, TBS + 0.05% w/v Tween-20 and TBS incubated with the secondary antibodies (alkaline phosphotase 
conjugated goat anti-rabbit [gG, BioRad, U. S.A.I (1: 1000). Incubation with antibodies was carried out for 2 hrs 
at 22°C with constant shaking. Filters were washed as described above and incubated for 10 min in developing 
buffer (100 mM Tris HCI, pH 9.0; 100 mM NaCl and 50 mM MgCl.). Substrate [35 jil nitrohlue letraiolium 
(NBT), and 27 ul 5-brome-4-chloro-3-indoiy)phosphate (BCIP) in 10 ml of developing buffer] was added and 
incubated m the dark. Colour development is slopped by washing the filters with distilled water. 

RESULTS 

ConstnKtiun and transfer of PVX cansid protein ge ne into A, tumefaeiens 

PVX is the type member of the potsxvinis group. The 3* end region of ihe genome contains a non-coding 
sequence of 76 nucleotides, the CP gene which encodes for a protein of 237 amino acids (26K) which is translated 
from a subgenomic RNA in vivo' 1 . A large fragment af about 1.3 kbp containing the 3' end region of PVX 
genome, th CP and 8K protein genes was introduced into the expression vector Polyrok I between the 35S promtner 
and the nos terminator (fig. 1). The chimeric plant expression vector was used to transform potato cultivars by an 
Aerobacterium tumefacjen s - mediated transformation system. Using this transformation system, approximately 
2% of the original explants produced transformed plants which expressed detectable levels of PVX coat protein 
About 20 colonies were selected from the LB agar plates containing 50 pg/ml kanamyem. The recombinant plasmid 
of Polyrok I containing the 1 .3 kb fragment of cDNA 1 17A was transformed into competent cells of £.. cell JM 101 . 
These colonies were labelled JP 117-1 to JP 117-20. Digestion of these colonies with Xhal and Sacl indicated that 
JP 117-4, JP I17-9.JP 117-10 and JP 117-14 contained the 1.3 Kbp fragment of cDNA 1 17A. The recombinant 
plasmid JP 117-10 was then transformed into E- EeM HB 101 and used for further studies. The result of Tn- 
parenlal mating of LBA 4404. £. eojj DH 5 or and E.. coji HB 101 (containing HP 117-10) indicated that 
recombinant plasmid HP 117-10 has been introduced into Agrobacteria. Similar results were obtained after 
transformation of the chimeric Polyrok 1 containing the PVX CP protein gene directly into A. tumefaciens . 

Transformation and regeneration 

Four different cultivars af potato, Desiree, Bintji, Russet Burbank and Shepody were used for 
transformation experiments . Both tuber and stem tissues were used for transformation. Primary shoots regenerated 
from potato tuber discs about one week after subculture into MS 31. Transformation efficiency of these shoots, 
although growing on 100 ug/ml kanamycin, was lower than the secondary shoots that develop from the tubers after 
2-3 subcultures in MS 31 (Table 1). 

Apparently, the placement Df tuber discs on auxin containing media breaks the bud dormancy and shoots 
emerge from already existing pnmodia. These shoots were unable to root in media containing LOO /ig/ml 
kanamycin. After the primary shoots were excised, tuber discs formed callus, and new shoots developed through 
de novo meristematic tissues within the calli. 



Regeneration efficiency (number of regenerated shoots I number of explants} was higher in Dtsiree than 
in the other cultivars tested. The efficiency of regeneration is in the following order: Desire* > Shepody > Rusetl 
Burbank > BmijL The number of ahwUf regenerated from each individual explanl was also higher in Desiree, i.e., 
between 2-5 shoots developed from some tuber discs, but only one shoot / disc was retained to ensure thai each of 
the shoots tested is a remit of an independent trans format ton event and clonal in origin. 

Efficiency of regeneration through stem explants wu higher than the tuber, in both Shepody and Russet 
Burbank (Table 1). However, this system of trans formation produced more escape shoots (non -trans formed 
kanarnycin sensitive) than tuber transformation on the basis of their ability to root and plant survival on 100 .ng/ml 
kanarnycin. During the first culture period 20-30% of the explams regenerated shoots. However, none of these 
shoots rooted in media *:onUimne UK^.tnl kanarnycin (Table 1). The secondary drools regenerated through callus 
after removing the first shoots and successfully rooted on media containing 100 /ig/ml kanarnycin. Both 
transformation protocols used in this work resulted in morphologically norma] shoots. Transgenic potato plants of 
all the four cultivars tested appeared normal and their morphology, growth characteristics and number of seeds were 
identical to their non- trans formed cultivars. 

Expression of PVX coat protein in tr sHsfcenic plants : 

The transformation of potato cultivars with the Polyrok I containing the PVX CP resulted in a total of 40 
kanarnycin resistant plants. All transgenic plants were analyzed by Western blotting for the expression of capsid 
protein. Eleven lines were found to accumulate detectable amounts of PVX CP (fig. 2). The accumulated level 
Df CP ranged between 0.02 ■ 0.06% of extracted total plant proteins. Protein extracts from the four transgenic 
L-uliiv«r*and from untrasnlurrned Russet Burhank, Shepody, Desirec and Bintii were run on SDS - polyacrylamide 
gel and probed with anlr-PVX IgG {Fig. 2), By comparison with purified PVX CP standards, several plants showed 
bands corresponding to PVX CP. 

Analysis of PVX CP accumulation in different leaves of transformed plants and in different plants 
originated from micropropagaiion uf one original clone showed that the expression was independent of the leafage 
(results not shown) and did not show any detectable somaclonal variations (e,g. clones 304 in panei A (fig. 2) are 
2 different plants derived from ^ single dnneV Furthermore, when potato seeds of the original 304 clone were 
grown, for the second time, and leaves mm anatyied for the expression PVX CP, again measurable amounts of 
CP were delected. 

Resistance of transge nic potato plants to PVX : 

Transgenic potato cultivars and uri transformed controls were challenged with 90 jig of PVX per plant. 
After 15 days infection under green house conditions, six grams of potato leaves were randomly picked from 
infected plants and used as an inoculum on the PVX local lesion host Gamnhrcna globosa . Results shown in Tabic 
2 indicate that transgenic potato cultivars are quite resistant to PVX infection in comparison to non-lmnsgenic 
controls. 

DISCUSSION 

In this report we describe the introduction of resistance to PVX in several economically important potato 
cutivan. The CP of PVX was transferred into Russet Burbank, Shepody, Desiree and Bintji. The transformation 
protocol used resulted in morphogiCAlly normal shoots which gave rise to transgenic plants which are visually and 
morphological I y indistinguishable from the untransformed plants grown under the same conditions. Potato is know 
to be extremely sensitive to somaclonal variation m tissue culture 12 -". The lack of somaclonal variations in our 
transgenic plants is probably due to the low concentrations of growth regulators used during transformation and 
regeneration. Our results sshow that the primary shoots that regenerated from stem explants and the majority of 
those regenerated from tuber discs were not transgenic. Transformed shoots were recovered mostly from green 
callus proliferated from both slem explants and luber discs. It is likely that cells at the cut surface of the explanl 
pass through a period of dediff erentiation which mai;e them permissive to transformation by agrobacterium. There 
are some persistent bacteria which stay on the explanl after transformation. These bacteria could only be detected 



if artmiciUin mi omitted from the media. II ippean that these mutant bacteria ire those (hit actually achieve 
transformation of newly dedifferentiated cells*. 

PVX capsid protein was produced in detectable amounts by Western blotting in about 50« of Desiree, 35 * 
ofSbepodyend25« of each Russet Burbank and Bintji plants. T5u» result indicates that Desiree is more amenable 
to ttwuforinaBoB than die other cultivari. The lower frequency of CP expression in tbe kanemycin resistant plants 
is probably due to either expression below our detection method or to the rearrangement, deletion of T-DNA a . 
Tbe CP-mediaied protection studies in other plant systems hive reported dial reduced levela of virus titer in 
transgenic plants relative to tbe corresponding non-transfonned control plants'. We have reported that, under 
growth chamber conditions, transgenic potato cultivan shewed much lower levels of PVX m the sysiunkally 
infected leaves in companion to the eonirois (Table 2). These results indicate thai viral replication and/or transport 
of the PVX is inhibited in some way due to (be presence of toe viral CP. It is possible thai the uncoating of the 
incoming virus is inhibited or the CP is competing with the virus for an attachment site. 
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1.0 INTRODUCTION 



leveh 



Bioassays have been applied to numerous organisms representing different trophic 
s in the aquatic food chain, Including fish, arthropods, algae and bacteria 
Nevertheless, the most widely-used type of procedure Is the traditional acute bloassay. In 
which the lethality of Vdtious concentrations of a toxicant or toxicant mixture are 
measured within a predetermined exposure time. Standardized static bioassays, such as 
those using fish and crustaceans, have been and continue to be used extensively by 
regulatory agencies le.g., Ontario Ministry of the Environment) in order to determine the 
potential effects of toxic materials. Although these tests yield quantitative measures of 
contamination levels, they are often either time-consuming, labour-intensive, or costly 
in a review article over a decade ago, Sprague 11976) suggested that tests on lower levels 
of the food chain (i.e., Invertebrates and algae) yield a qreat deal of useful data, are 
rapid and efficient, and, most importantly, often give results comparable with traditional 
bioassays using fish. 

In light of these points, and the movement towards a "battery of tests" 
toxicoioqical approach, there is a continuing need for the development of predictive dose- 
response relationships for aquatic organisms, emphasizing "lower" ttophlc levels. One of 
the main advantages of this is that organisms "lower" In the food chain may act as early 
warning indicators for mere significant adverse effects on "higher* level food chain biota 
such as fish, birds, and mammals. This may be especially important where chronic toxicity 
is a factor . 

Ciliated protlsts ate unicellular aquatlr microzooplanltton which feed predominantly 
on bacteria and small phyl»plan'ton. They are important organisms in the transfer and 
transformation of nutrients In both marine and freshwater food chains (Beaver and Crisman 
1989, Pace and Orcutt Jr. 1981). Recently, with a movement In toxicological research 
towards la! more rapid assessment techniques, and (b) indicators of chronic, sublethal 
effects of toxicants in fresh water, many investigators have turned to ciliated protlsts 
land other aquatic microbes! as test and/or Indicator organisms for Lhe assessment of 
eutrophic and polluted waters, since they have been shown to be sensitive to a variety of 
toxicants present in the natural environment. 

This study specifically addresses the development and reliability of a new protlstan 
bloassay technique for monitoring the toxicity of pure compounds and industrial effluents. 
The sublethal bloassay technique utilizes the chemotactlc responses of the ciliated 
protist, Tetiahymena vorax, as, an indicator of aquatic toxicity. 

2.0 MATERIALS AND METHODS 

The approach used in this study was first to develop a protocol for a sublethal 
toxicity bloassay using, as an indicator, the chemotactlc response of the ciliated 
protist, Tetr;jhym?na vorax. Second, the protocol was applied to standard reference 
toxicants, commonly used with other standard bioassays (Environment Canada 1390 ) . The 
third and final phase involved testing the protocol with toxicant mixtures (effluents) 
from several industries, namely. Pulp and Paper, Metal Casting, Iron and Steel, and 
Organic Chemical. During this final phase, two other standard OMOE bloassay protocols 
Uiaphnlfl magna 4B-hr acute lethality test, Polrler et al. 1988; rainbow trout 96-hr acute 
lethality test, Craig et ad. 1983) were also Implemented using the same effluents, This 
allowed for comparison of the dilate protocol to the standard assays in order to 
understand the relationships between the respective bioassays and to deter/nine the utility 
and feasibility of the new ciliate bloassay, in light of standard test results. 



Protocol Development 

The goal of the first phase of the study was to establish cultures of the teat 
organism, Tetiahymena vorax and to develop a working protocol (T-Naze Toxitaetic Assay 
(THTAM with which reference toxicants and effluents could be tested, in order to evaluate 
the utility and feasibility of the protocol. 

Implementation of Reference Toxicant Tests 

Reference toxicants were chosen in conjunction with the Ontario Ministry of the 
Environment. Reference toxicant tests were Implemented with the TMTA, for two important 
reasons: (1) to determine estimates of concentrations with which tests should be run for 
given classes of toxicants (I.e., heavy metals, organ lcs, etc.); and, (li) to compare 
these results with those of other Btandard bioassays using similar reference toxicants. 

The tests were carried out with four different reference toxicants, commonly used 
for similar purposes for other toxicity bioassays (Environment Canada 1990). The 
reference toxicants tested in this phase of the study were: zinc, «-chlorophenol, sodium 
chloride, and cadmium. The first three reference toxicants were chosen for comparability 
to data from bioassays with other taxa (I.e., Daphnia magna, rainbow trout tests), while 
the fourth toxicant, cadmium, was tested for comparability to data from another ciliate 
protocol using chemotaxls as the test parameter (see Berk et al. 1985). 

Implementation of IE fluent Tests 

For each effluent sample used In this phase of the study, a split sample was used to 
run the TMTA protocol using at least five concentrations and a control (with replication). 
The rest of the sample was used to carry out the standard OMOB protocols with Daphnia 
magna and rainbow trout. The TMTA test was always run concurrently with these two other 
tests. 

3.0 RESULTS AMD DISCUSSION 

Protocol Development 

Cultures of the test organism were established successfully and maintained 
throughout the duration of the study. The protocol development phase yielded positive 
results, as Indicated by: tests with a T-maze rack, designed to eliminate biases due to 
gravity; clonal age tests, Implemented In order to determine the age of cells in 
exponential phase of growth; and, control tests, designed to determine the precisian and 
rigour of the test Itself. 

The aspects of the protocol requiring refinement are: (a) the treatment of cells 
prior to the Initiation of the test; and (b) the possible use of different species as test 
organisms. 

Reference Toxicant Tests 

Tests were Implemented with four refetence toxicants. Using the TMTA, the only 
reference toxicant that yielded a significant LOEC value was sodium chloride. In this 
preliminary testing. It appears that the test, Implemented with standard reference 
toxicants, is not sufficiently sensitive (In relation to other standard testa), although 
pre-treatment of cells through the use of a starvation buffet may yield more promising 
results (see Roberts and Berk 19901. Previous dilate toxicity data using chemotaxls as 
the test parameter, and heavy metals as test toxicants (Berk et al. 1985) indicates that 
dilates may respond sublethally In a similar range as Daphnia and trout do in acute 
lethality tests. Results from other dilate toxicity tests are based on slightly longer 
response times [i.e., growth rate) or utilize direct physiological parameters (I.e., 
respiration) and so are not strictly comparable with this protocol, since It utilizes a 
test parameter that i'elles upon a relatively rapid behavioural response on the part of the 
organism. 



Effluent Tests 



THTA tests were Implemented with effluents from several Industrial sectors Uslno 
the test, the majority of effluents generally had little effect on the chemotactic 9 
response of the dilates. Only 4 oat of 11 effluent tests yielded results comparable to 
results from acute lethality tests. Interestingly, these similarities were observed with 
effluents from the pulp and paper sector only. It Is possible, therefore, that the test 
may prove useful specifically for pulp and paper effluents. 

There are several reasons why results from tests using whole effluents would be 
problematic: (l) a given effluent Is made up of more than one toxicant, often acting in a 
complex series of relationships (that have only recently begun to be understood); and (2) 
effluents are not consistent from one sampling to another due to the heteroqeneity 
associated with effluents from different industrial processes. Since there are no 
comparable data published that used dilates as test organisms, and whole effluents as 
test toxicants, it is difficult to evaluate the potential success of this test protocol 
without further study. 



as test 



Results from many recent toxicologic^ studies with ciliated protlsts used 
organisms have already demonstrated that these protlsts can be effective bloassay 
organisms (Berk et al. 1985, 1990; Dive and Leclerc 1975; Slabbert and Morgan 1982). 
Nonetheless, most of these studies used single toxicants in their evaluation of toxicity 
To our knowledge, this is the first study of its kind testing whole effluents (with 
mixtures of potential toxicants) with dilates as test organisms. It Is not surprising, 
then, that there are problems and Issues that arose in this study which require further 
resolution. 

4.0 FUTURE WORK 

A number of important issues for future research relating to the bloassay 
development emerged from the results of this study. Further work in developing this 
bloassay should be continued. A number Important refinements to the protocol should be 
considered: (1) exploring variation in the preparation of cells used in the test protocol; 
(21 exploring reasons underlying test variability and providing some possible solutions; 

(3) Implementing the test with other dilate species (other than Tetxahymena vorax); 

(4) calibrating the test through an interlaboratory comparison; and (5) varying the 
exposure lime. 
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There are a number of advantages in the determination, by 
atomic spectroscopy, of those elements that can easily be 
transformed into gaseous compounds. Most important among these is 
the potential to transfer close to 100% of the anatyte from the sample 
solution to the atom cell (flame or plasma). Elements that have ben 
determined this way by forming the hydride include arsenic, 
antimony, bismuth, germanium, tin, lead, selenium, and tellurium. By 
these means, the detection limits for these elements by hydride 
generation is much lower, sometimes as much as two to three orders 
of magnitude. Although the batch process was originally the method 
of choice for the determination of hydride-forming elements, it has 
become more common to use a continuous hydride generator to 
eliminate the problems created by operator error in performing the 
various mechanical functions required in the manual batch process. 



Brindle, Zheng Computer Controlled Batch Hydride Generator 

Thus the maximum potential of the hydride method has been 
compromised by approximately an order of magnitude in order to 
achieve better reproducibility. In this work we have attempted to 
restore the advantage of the batch system without compromising on 
the detection limits. The functions of the operator have been taken 
over by a computer which provides consistent performance in the 
complex series of operations of the batch system. 

Samples will be placed in a Oilson 21 2B sampling system. Via a 
system of valves and a syringe, an aliquot will be delivered to the 
reaction vessel/gas-liquid separator. Borohydride will be delivered 
to the vessel from a pressurized bottle. The transient signal produced 
in the plasma will be captured (8000 points), a Kalman Filter 
programme of our own design will be used to determine the peak 
height and area. These will be used to calculate the concentrations in 
the sample. A 386 computer is required here to provide sufficient 
calculating speed so that the computation is not the limiting step in 
the sample throughput rate. The raw data will be dumped, in 
preparation for the next sample. The reaction vessel will be drained 
and rinsed with a solution from a pressurized bottle. The tubing and 
the syringe containing the sample residue will be rinsed and primed 
with the next sample. 
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COMPUTER CONTROLLED BATCH HYDRIDE GENERATOR 



1. Rinse solution; 2. Sodium borohydride solution;, 3,4,5, 10, 11. Solenoid valves; 
6. Three-way solenoid valve; 7. Gllson 212B AuEosampler ; 9. Syringe driver; 
12. Reaction vessel/ gas liquid separator 
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A New Design of an In-situ Separator for 
Continuous Hydride Generation: 

Application to On-Line Pre-reduction of Arsenic(V) and 

Determination of Arsenic in Water by Atomic Emission 

Spectrometry 

Ian D. Brindle*, Hosen Alarabi, Samir Karshman, Xiao-chun Let, an d 
Shaoguang Zheng, Department of Chemistry, Brock University, St. 
Catharines, Ontario L2S 3AI, Canada 

Hengwu Chen, Department of Chemistry, Hangzhou University, 
Hangzhou, Zheijiang, 310018, P. R. China 

t Present address: Department of Chemistry. University of British 
Columbia, 2036 Main Mail, Vancouver, British Columbia V6T 1Y6. 

The continuous hydride generator is one of the systems used 
for the spectrometric determination of hydride forming elements. In 
this system, the acidified sample and sodium fetrohydroborate(IIl) 
solutions are continuously pumped into a reaction coil where the 
analytes react with the reductant to form hydrides. The mixture of 
hydride and waste solution is transported into a gas-liquid separator, 
where the hydrides, released from the waste solution, are mixed 
with the carrier gas. Hydrides are carried into either the absorption 
cell for AAS or the plasma for AES where they are determined. 
Various types of gas-liquid separators, such as a U-tube separator, a 
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packed U-iube separator, a porous membrane separator, and a 
porous lube separator, have been developed. Most of these 
separators were designed for generation of hydrides from 
concentrated acid media ([H + | > 2M). The hydrides are stripped from 
(he solution by the large amount of hydrogen which is generated by 
the reaction between tetrahydroborate(III) and acid. If hydrides are 
generated from a solution with low acid concentration, the efficiency 
of these separators would be low, owing to the small quantity of 
hydrogen produced. 

In our previous work, we have reported methods to generate 
S0H4 and A3H3 from low acid media (0.01-0.04 M) by means of a 
batch hydride generator system. In these systems. L-cystetne and L 
cystine played an important role 10 increase of reaction rate and the 
sensitivity, and to decrease interference from transition metal ions, 
and on pre-reduction of As(V) 10 As(III). Compared with the 
continuous system, the batch system can achieve lower detection 
limits but it is difficult to automate and requires the operator to be 
well trained. 

To adapt the low acid L-cysteine system to fit the continuous 
hydride generation system, the development of a gas-liquid 
separator, which works in low acid media, was necessary. Based on 
the idea of the hydride generator used in the batch system, an in situ 
hydride generator/separator, in which the hydrides are not only 
generated, but also continuously separated from the reaction 
solution, has been designed and tested. This paper presents the 
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design and characteristics of the generator and its application to the 
determination of arsenic. 

The Design of Hydride Generator 

An efficient hydride-generator should meet the following 
requirements: efficient mixing of the sample and reducing solutions 
for maximum yields of hydride; complete separation of the hydrides 
from the waste solutions; smooth transportation of the separated 
hydrides and the waste solution to the plasma and to the drain, 
respectively. 

Based on these requirements and the chemistry of the process 
of hydride generation, the continuous hydride generator was 
designed. Sample and sodium tetrohydroborale(III) solutions are 
continuously pumped into the hydride generator/separator. The 
reactants meet and drop into the bottom of the vessel. The argon 
flow introduced into the generator through a glass frit at the bottom 
of the vessel produces fine bubbles, which not only violently mix the 
solution but also provide a large gas-liquid interface area to promote 
the hydride's being stripped from solution. To increase the total flow 
rate of the carrier gas, another flow of argon is introduced into the 
vessel from the top. The two flows of argon mix and sweep the 
hydrides into the plasma through the outlet port. The waste solution 
is pumped out to the drain. The gas/liquid separator is made wider 
at the top to minimize the likelihood of bubbles reaching the transfer 
line to the plasma. 
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The system has been used for the determination of arsenic, 
germanium, and selenium, using a direct-current plasma atomic 
emission spectrometer as a detector. Detection limits were found to 
be 4, 0.3, and 8 ng ml" ' for arsenic, germanium, and selenium, 
respectively. In studies of interference from several of the most 
strongly interfering elements, the continuous hydride generator, 
provided superior performance over the batch process, when L- 
cysteine was incorporated both to reduce arsenic(V) and to reduce 
interferences from transition elements. Also, this technique provided 
significantly superior results to the conventional high acid hydride 
generation method. 

The method has been applied to the determination of arsenic in 
water samples from the Ontario Ministry of the Environment. Good 
agreement has been found between samples analyzed by inductively 
coupled plasma mass spectrometry and the technique that is 

described. 
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The SCIEX TAGA series of mass spectrometers utilize an atmospheric pressure ionization (API) 
source. The technique of API mats spectrometry was introduced as an analytical technique by 
Carroll et at. (1], Because of its high sensitivity towards trace compounds in air, API has since 
developed into a mass spectrometric technique in its own right [2]. In addition to the monitoring 
of trace organic compounds in ambienl air, API has found analytical application as an interface 
for liquid chromatography/mass spectrometry (LC/MS). Our objectives have been to establish 
a collaborative research facility, using the TAGA 3000, at Trent University and to study the gas- 
phase ion/molecule reactions which occur in the API source and which may help improve the 
sensitivity of the instrument to a variety of compounds. 

The TAGA 3000 API source is depicted schematically in Figure I . 
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rlgur* l. schematic drawing of the API source 
utilised by the TAGA 3000 analyser. 



The API source utilizes a high voltage corona discharge between (he needle tip and the 
Interface Plate and draws a current of 2 jiA typically. Electron ionization of the major gases in 
the air stream (N, and O,,) initiates a sequence of ion/molecule reactions that results, in a few 
microseconds, in the formation of hydronium ion-water clusters (H,O*(Hj0),;n =0,1,...), These 
clusters undergo successive collisions in the source and an equilibrium is established such that, 
at 25"C with 5 Tort partial pressure of water (relative humidity 21%) the majority of clusters 
■ ■■ ' i'.i!.i •'■■■ s x watei molecules [3], These hydt niton km water Clutter] UC Ihe iv.ain reagent 
ions in API and they can protonate, through collision, molecules (B) whose gas-phase proton 
affinity (PA) is higher lhan that of the protonating cluster. 

The proton transfer reaction is represented in reaction (1): 



AH* + B - BIT + A 



(II 



where: 

A represents a gas-phase Lewis acid (proton donor) 

H* represents the proton 

B represents the target analyte (proton acceptor) 

The magnitude of the enthalpy change (<AH) associated with (his reaction is referred to as the 
proton affinity (PA); another term which is often associated with reaction (1) is the free energy 
change (AG) or gas-phase basicity. The proton affinities of some compounds of interest are 
shown in Figure 2. 
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Figure 2. Proton affinities of some compounds of 
environmental interest. 



Real-time detection of some classes of compounds in air has been a long-standing 
problem with the Trace Atmospheric Gas Analyser (TAGA). As the proton affinities of 
numerous low-molecular-weight aldehydes and alcohols are not much greater than that of water, 
the process of proton transfer does not occur readily in the API source of the TAGA, 
Furthermore, the difficulty in protonating the analyte is increased by the fact that the proton 
affinities of water clusters increase with increasing number of water molecules. 



The specific reaction of protonation of B by water clusters is: 

H,0 + (H,0). + B ■* BH'iHjO), + (n+l-x)H,0 (2) 

In the absence of hydration, proton transfer will occur at every collision for most 
compounds with PA higher than that of water; however, the presence of higher hydrates of water 
in the reagent ion composition results in a response of the instrument which may be divided 
broadly into three groups [4]: 

i) K-group: When proton transfer occurs at every collision, the system is said to be 
under "kinetic control" of the production of analyte molecules and results in the 
maximum sensitivity towards a particular compound. Generally, oxygen bases 
which possess a PA of greater than ca. 200 kcal/mole have high sensitivities 
which are determined by fast kinetics for proton transfer from the reagent 
H 3 0*fH,O)„ ions. 

ii) T-group: Most analytes with PA less than co. 200 kcal/mole have sensitivities 
which are determined by the thermal equilibrium distributions of B*(H ; 0) n and 
H J 0*(H 1 0)„; this condition is referred to as thermodynamic control. 

iii) L-group: Sulphur and carbon bases have much lower sensitivities than are 
expected from their PA values. This decreased sensitivity derives from the 
relative instability of the protonated hydrates BH*(H 2 0)„. 



Thus a compound such as acetonitrile has a reasonably high sensitivity allowing for sub- 
ppb detection in ambient air, whereas another compound such as thiophene, with a similar PA, 
has virtually no sensitivity in the API source. 



Methods Cor Increasing Sensitivity 



11 adcluct ion formation 



Not only protons may be transferred to target analytes but also ions such as NH/ 
and Cs* may add to target bases. We have produced Cs* and Cs* (H,0) ions in 
the TAG A 3000 airslream via a novel atomizer source, but have not yet had 
success in improving the sensitivities for those compounds depicted in Figure 2. 



2) selective ion/ molecule reactions 

We have attempted to react o-methylhydroxylamine with formaldehyde in the air 
stream of the TAG A 3000; the signal arising from the anticipated reaction product 
was not intense enough to improve the sensitivity of the instrument towards this 
compound. 



3) temperature control of the reaction zone 

Kebarle has reported surprising increases in sensitivity by heating the air stream. 
We are investigating this response of sensitivity to temperature as a means of 
controlling the rate of production of target analyte ions. 
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Supercritical Fluid Extraction with Simultaneous Class Fractionation 

of PCBs and PAHs from Adsorbent Materials 

for Air Pollution Determinations 

Z.Miao, M.Yano. J.Pawliszyn, Guelph-Watertoo Centre for Graduate Work in Chemistry, University of 
Waterloo. Waterloo, Ontario, N2L 3G1, and I. Ahmad, Laboratory Services Branch, Ontario Ministry ol the 
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Introduction 

The Soxhiet leaching o( adsoibent materials containing trapped organlcs. has Iradittonaily been used for 
sample preparation for determination of trace contaminants in ambient air. This liquid extraction procedure 
is lime consuming and create large amount of organic solvent waste. In Ihe past few years, supercritical 
fMd enactions have shown excellent characteristics lor rapid extraction of the organic contaminants from 
different matrices. In this paper, Supercritical Fluid Extraction (SFE) has been developed as an alternative 
to Soxhiet extraction for the determination of the trace organic contaminants in ambient air In addition. 
PCBs and PAHs can be simply class fractionated when Ftorisil'" is used as a soroent and by varying SFE 
conditions. 

Experimental 

The following male rials were used for adsorbents in ihe extraction studies: Florisil" 1 , 60/100 mesh, C1S. 
XAD, Tenax . Silica gel and Polyurethane Foam (PUF). Each adsorbent was cleaned by the Soxhiet 
method of exiractlon, with 250 ml of hexane tor 20 hours. A standard hexane mixture was prepared 
containing selected PAHs and PCBs which are Acenapnthylene(ACE), 2,2\5-Trichlorabiphenyl(PCB3), 
2,2.3,4,5-PentachJorobiphenyl(PCB5(, Benzo(a)anthracene(8£N), 2, 2, 3, 4, 4, 5,6,6- 
Octachloroblphenyl(PCBB), Decachloroblphenyl(PCB1 0), lndeno(1.2,3-cd)pyrene(IND), Coronene(COR), 
Benzo(g.h,i)perylene(BEP), and 2-Methyl-anthracene(lnlemal Standaid). 

SFE was performed with a high-pressure vessel which was constructed of stainless steel in the Science 
Machine Shop at the University ol Waterloo. The vessel with a volume of 200 ml could withstand pressure 
In excess ol 20000 psi At the outlet of the pressure vessel, an extraction vessel consisted of two t/4" lo 
1/16" reducing unions. 316 stainless steel fittings (Swagelok) and a 2.25" SS lublng A 20 cm x 25 um 
lused silica capillary was connected to Ihe extraction vessel ading as a reslrictor to maintain the pressure 
in the system. The capillary was directed Into a 1.8-ml vial containing approximately 1.0 ml of hexane. 
The supercritical fluid sample was collected in the vial and concentrated to 100 uJ with a gentle stream of 
nitrogen. 

Three procedures were performed In the experiments. The lirst procedure was to determine which 
adsorbent would be the best to enable quantitative recoveries of all selected PCBs and PAHs Irom the 
matrices. Each adsorbent was sc*ed by injecting a smal volume (100 uf) of standard mixture soWbn 
The adsorbent in the vessel was then extracted with N,0 or N,0 with 6.5% by volume of modifier at 6000 
psi for 30 minutes. The second procedure was to test Ihe adsorbents' (XAD, Tenax™. Fleris!!™) ability to 
effectively contain trace organic contaminants during the adsorption and drying steps of the analytical 
process by spiking 100 ul of the standard mixture dlreclly on top of Ihe selected adsoibent In the extraction 
vessel, and passing moisture through the adsorbent tor 24 h. Then the moisture was removed from the 
adsoibent by purging dry nitrogen through Ihe extraction vessel tor 30 minutes at 60°C. The saturated and 
dried adsorbent containing standard mixture was then extracted using NjO with 6.5% by volume of modifier 
at 6000 psi for 30 minutes. The third procedure was lo fractionate PCBs from PAHs by varying pressure 
ol supercritical fluid M,0 

A Varian 3500 capillary gas chromalograph. equipped with a splitless injector, a flame ionization detector 
(FID), and a 30 m x 0.25 um lused silica capillary column (DS-5, J « W Scientific, California) was used for 
chromatographic analysis. The oven temperature was programmed to ramp from 140X to 225*C at 
15°/nun, then lo 300°C at 20X/min and held there for 1 4 minutes. The FIO temperature was set at 325"e. 
The temperature of the injector was set at 300*0 



Results and Discussion 

Six commercially available adsorbents 
are evaluated lor iheir ability ol 
recovering contaminants As shown in 
Table 1. all PCBs could be extracted 
quantitatively with pure N,0 However. 
PAH compounds, particularly IND and 
COR were poorly recovered because ol 
sirong interaction ol Ihese large 
compounds with Ihe matrix. 
T able 2 shows the percentage recoveries 
ol the standard mixture Irom ihe selected 
adsorbents using supercritical NjO plus 
6 5% by volume (100 ji)} ol methanol 
modilier This method quantitatively 
recovered all compounds in the slandard 
mixture Irom PUF. Florisil'", C18, Silica 
Gel, and Tenax™ The difficulties in 
recovering high molecular weight PAHs 
Irom XAD stilt remain. Table 3 shows 
the percentage recoveries ol the 
standard mixture from Ihe selected 
adsorbents using supercritical N : plus 
65% by volume ot toluene modifier 
Similar lo Table 2. (his method can also 
Improve the recoveries ol INO and COR 
but in a lesser extend than using 
methanol modifier. Quantitative 

recoveries ol all compounds from XAD 
are obtainable with this conditions. This 
may indicate that the energy barrier of 
desorption between the anaryte and 
adsorbent can be reduced by selective 
interaction ot aromalic ring In toluene 
with [he matrix-solute complex since XAO 
resins also contain aromalic rings in their 
structure. For oiher adsorbents, the 
method involved toluene modifier results 
in lower recoveries. 

Apparently, it XAD is chosen to be Ihe 
adsorbent, Ihe method using toluene 
modifier will be superior than other 
modifier while methanol is suitable tor 
Ihe olher live adsorbents. 
In air sampling, Ihe trace organic 
contaminants along wilh moisture Irom 
Ihe air are trapped in the adsorbent 
matrices contained in a cartridge. The 
moisture musl be removed Irom Ihe 
adsorbent lo ensure successful SFE and 
gas chromatographic analysis. Three 
adsorbents (XAO, Tenax™, Florisil™! 
were investigated by comparing their 
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abilities to contain trace organic 
contaminants during adsorption, and 
retain those contaminants during the 
drying step. 

Table 4 shows the average recoveries 
of components from saturated with 
moisture and then dried adsorbents. The 
following observations are made: the 
percentage recoveries tor PCBs are 
generally good, being independent of the 
nature of adsorbents, the percentage 
recoveries for PAHs from XAD and 
Flortsil™ are tow compared to those 
obtained from previous experiments (the 
spiked standard mixture could be 
extracted quantitatively using N,0 with 
1 00 uJ of modrfie r at 6,000 psi and 40°C). 
There is no significant toss of anarytes 
during the adsorbing and drying 
processes when Tenax ™ is used as an 
adsorbent. 

Table 5 shows the quantitative 
recoveries of target contaminants are 
obtained when the amount of toluene or 
methanol is increased from 100 ui to 150 
ul or 200 uj (200 ul of toluene to XAO 
and 150 id of methanol to FtorisH'") 
This method significantly improves the 
recoveries of IND and BEP from the 
saturated, dried XAD or Ftorisir" 
It has been found that aging of XAD 
spiked with 100 ul standard mixture for 
24 hours at room temperature lowers the 
percentage recoveries ol all PAHs except 
acenaphthytene. Table 6 shows the 
comparison of percentage recoveries 
from aged XAD with the percentage 
recoveries from spked XAD ( Extractions 
were immediately done after a standard 
mixture was spiked onto the adsorbent) 
Spiked PAHs can be extracted 
quantitatively from XAO using N,0 with 
tOO ul of toluene since thermal energy 
easily overcomes the low energy barriers 
associated with weekly adsorption 
between the spiked PAHs and the matrix. 
In the case of saturated then dried 
PAHs. because of the aging of PAHs tor 
24 hours during saturating process, the 
desorption Is more difficult, the PAHs 
become strongly adsorbed onto active 
sites of the adsorbent. In order to 
extract strongly adsorbed anarytes which 
bond to sites of XAO or FtorisJ™, the 
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amount of solvent to break the specifc 

interaction between the target anafyle 

and sorptive sites on the adsorbent, such 

as XAD, Florisil™. must be Increased 

Five adsorbents were investigated to 

determine which would be the best 

adsorbent for fractionating PAHs from 

PCBs. The method can simplify the 

analysis oi the complex mixtures and 

possibly remove the interferences (rom 

adsorbent in the air pollution studies 

Results obtained trom XAO, Tenax™, 

Ci8. and Alumina show thai these 

adsorbents cannot be used lo Iractionate 

PC8s Irom PAHs by varying pressure 

using N a O or CO, since Ihere is a large 

overlap between both groups. The 

Florisii™ is the best adsorbent providing 

fractionation ol PCBs Irom PAHS 

Quantitative recoveries ot the PCBs were 

obtained Irom Florisil 1 " at 2.000 psi while 

70 percentage recoveries ol PAHs 

except ACE were extracted at 6.000 psi 

with modilied Hft (Table 7). This becomes evident when examining extraction pressure variation studies 

(Figure 1) The PCBs are quantitatively extracted with N t O at 2,000 psi Irom Florisil™. BEN is partly 

extracted at 3.000 psi bul it is not quantitatively recovered until ihe pressure ol Ihe NjO is increased to 

6.000 psi. IND and BEP are quantitatively recovered only at 6.000 psi with modified rip. 

These results tend to indicate mat the fractionation ot the analytes Irom Ftorisii"' is based on the classes 

ol compounds rather than on molecular weight For example. PCB1 has a higher molecular weight (499) 

than indeno (i.2.3-cd) pyrene (276). and PCB10 is extracted at 2,000 psi with other PCBs rather than 

PAHs. The ACE is also removed wrlh PCBs at 2,000 psi possibly due to its lower molecular weight and 

boiling point. 

Currently our eitorts are focused on replacing nitrous oxide with carbon dioxide when modifiers are used. 

Initial results indicate thai similar recoveries are obtained, but the extraction times are Increased by about 

50%. 
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Conclusions 

Polychlorinaled bipbenyls and polycyclic aromatic hydrocarbons can be quantitatively recovered Irom 

adsorbents such as XAD resin. PUF, Florisil™ and Tenax™ with SFE. SFE with methanol or toluene w«l 

result in higher percent recoveries than the extractions without modifier. 

During the adsorbing and drying steps ol the analytical process, no signilicant loss of compounds contained 

on all adsorbents is found. However, an aging effect was observed, which requires Ihe addition of larger 

amounts ol modifier lo obtain full recoveries. 

Fractionation ol PCBs trom PAHs can be performed Irom Florisil™ using N,0 with MeOH as a modifier by 

varying the extraction condition. 

SFE is an betler alternative to Soxhlet extraction lor the determination ot trace organic contaminants in the 

ambient air, which significantly simplifies analyses and shortens extraction lime by about an order of 

magnitude. 
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ABSTRACT 

Tbe comparability of sediment (oxtcok incite, bioassay and biomonitoring studies is 
often Limited because neither standard control sediments oor benthic test animals are 
readily available. We arc developing and testing contaminant-free sediments and food 
supplements that promote rapid growth of Hexagenia may flics, organisms recommended for 
use in sediment- bioassay and ccotoxicological studies. Wc have reared larvae from egg 
to maturity in as little as 3 mo. 

Laboratory cultured animals and sediments were used in a serial dilution sediment 
bioassay of sediment highly contaminated with organochlorine compounds from the 
Detroit River (Trenton Channel), Large larvae were subjected to 2l-d exposures of a 
sediment dilution series (1:0, 1:1, 1:3, 1:7, |;15 or 0:1 mixture of Trenton Channel 
and synthetic sediment). Larval size was ascertained before and after exposure by 
measuring photographic images of individuals. 

We detected no significant effect of the contaminated sediment on cither survival 
Of growth of Heiagcnia. Variability among replicates and relative inscnsitiviiy of 
mature larvae to contaminants both contributed to this result. 

Gas chromatographic analysis of contaminants in sediments and animals indicated 
significant compound-specific variability in dilution ratios and patterns of uptake. 
Ratios of concentrations of Tew compounds matched the nominal values expected as a 
result of dilution. Ratios for pen iacho robe nzene (QCB) and hcnachlorobrn^cne (HCB) 
greatly exceeded the 16-fold difference expected in the 15:1 sediment mixture. Ratios 
for PCBs and other compounds ranged from 3-12. Different carbon species possibly 
influence binding capacity of the sediments. Uptake of QCB and HCB by Hejtayenia 
decreased log-linearly among sediment dilutions, whereas levels of PCBs and otheT 
compounds were greatest in animals reared at intermediate (1:1 dilution) concentra- 
tions. BioaccumuJaiioa factors varied greatly among sediment dilutions (6-20 in 1:15 
dilution w 1.5-2 in 1:0 dilution), Feeding/metabolic inhibition or differential 
contaminant binding to varying carbon species aTe possible explanations. 

Previously proposed sediment bioassay guidelines recommend control vs. treatment 
comparison of 21 -d growth and survival of Hexagcnia larvae, ( 10 half-grown indivi- 
duah/2 L container, n=3 containers/treatment). However, sucb tests have limited 
statistical power: true differences between means >5W& and coefficients oT variation 
<20% are required for treatment effects to be judged significant at p<0.05 in 80% of 
experiments. At (cast 5 replicates should be used in 2-sample sediment bioassays. 

A serial dilution bioassay permits evaluation of relative toxicity of bulk sedi- 
ments analogous to procedures used for water bioassays. Additionally, gas chroma- 
tographic analysis of larvae and sediments from various dilutions can provide im- 
portant in formation on variation of bioaccumulation factors with reaped to 
sediment contaminant levels. 

ere 
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1. INTRODUCTION 

Various bioassay and biomonitoring techniques assume thai variation in test organism 
survival, growth and/or ultimate contaminant burden directly reflect the concentration 
and toxicity of contaminants in the sediment. Response differences between contami- 
nated and unconiaminated site-collected treatments is assumed to reflect the influence 
of tbe contaminants alone. We have proposed that comparing both field-collected 
reference and contamiaant-in ftuenced treatments with a standard, laboratory-prepared 
control permits one to ascertain those test organisms' responses to on-site sediments 
that result from inappropriate or suboptimal physical sediment characteristics 
(Ciborowski and Corkum 198"). 

We have been evaluating the utility of synthetic sediment as a reference (control) 
substrate in short- and long-term sediment bioassay procedures using Hcxagenia mayfly 
larvae. Hesa^enia larvae are important field and laboratory test organisms that have 
been recommended as a standard for evaluation of toxic effects of contaminated sedi- 
ments (International Joint Commission 1987, Lomas and Krant2berg 1988). In this 
paper we report on; a) 21-day larval growth and survival, b) 21-day patterns of 
contaminant transfer; and c) the statistical power of bioassays that employ various 
levels of replication. 



I. METHODS 

2.1. Sediment Collection and Preparation 

2.1.1. Contaminated Sediment 

In June 1991, surfieial sediment (top 7.5-10 cm: water depth 1-1.5 m) was collected 
with a metal bucket from the Trenton Channel of the Delroil River {'(2 <> 15'N, 83°10"W; 
site 107 of Furlong et al. (1988)). The sediment was stored refrigerated in 8-L 
hcxane-rinsed galvanized buckets until required. Sediments from this area arc highly 
contaminated with organochlorine compounds (Thornlev and Hamdv 1984; Furlong et al. 

I9SS). 

2.1.2. Synthetic tSTNDl Sediment 

Our synthetic standard reference sediment (STND) consisted of a 21:21:1£ ratio (dry 
mass) of silica sand (180-500 urn diameter), prepared clay (LewiscraTl Sculptor's 
Clay Lewiscrafl Ltd., Toronto. ON, MIS 2S2), and potting soil (Zehr's No Name Potting 
Soil , Zehr's Ltd.. Toronto, ON). The components were combined and dried prior to use 
according to procedures described by Hanes et al. (1990). The particle size distribu- 
tion and organic content of this mixture are especially suitable for culture and 
growth of Hexa^enia larvae- We have reared larvae from egg to malurity in this 
material in as little as 3 ma. 



2.1.!. Experimental Bioassay Sediments 

Dilutions of contaminated sediment were prepared by combining known proportions (by 
dry mass) of Trenton Channel sediment (loss on ignition (LOl) 10. (Pi.) with STND sedi- 
ment (LOI 8.4%). In July 1991, we produced 12 L of each of 6 mixture, designated 
lX,(>.5X.O.25X,0.125X.<J.U63X and OX, where LX represented 100% Trenton Channel sediment 
and OX represented 0% Trenton Channel sediment (=100% STND sediment). These corres- 
ponded lo Trenton:STND ratios of 1:0. 1:1, 1:3, 1:7, 1:15 and 0:1, respectively, 



Diluted sediments were prepared by measuring a required quantity of naturally wet 
Trenton Channel sediment into a container, stirring in STND sediment in dry form («=5% 
moisture), adding enough dechlorinated lapwater to produce a sediment of moisture 
content eqivalent to IX sediment, and mixing thoroughly. Alt sediments were prepared 
on 5 July 1991. 

2.2. Experimental Animals 

The 21-day bioassay study was conducted with 120-day-old larvae (mean head widths 
among replicates 1.95-2.32 mm; mean body lengths 17.4-19.9 mm). Larvae had been 
hatched jrom eggs in the laboratory and mass-reared in STND-1 sediment on a diet of 
Tetramin (Hants el al 1990). On the first day of the study larvae were placed random- 
ly in water- filled petri dishes (5 larvae per dish) whose bottoms had been marked with 
1-cm lines. Each petri dish was photographed and the larvae were then transferred to a 
bioassay jar (10 larvae per jar) as required. 

Jart were maintained, aerated for 21 d. Larvae were fed twice weekly with a 2 mL of a 
mixture of Tetramin , baker's yeast and alfalfa powder (Hanes et al. 1990) to minimize 
effects of potential contribution of differences in edible organic matter to larval 
size/survivorship differences at the end of the experiment. 

2 J. Bioassay Et perl menu 

2J.1. Experimental Procedures 

The experiment was initiated in July 1991 following recommendations of Lomas and 
Krantzberg (1988) far 21-day in situ sediment assessment. Five replicate sediment 
samples of each treatment were prepared and placed within 2-L Universal glass jars (5 
jars x 6 sediment types - 30 preparations). An equal volume of material (350 mL) was 
added to each jar to produce a sediment depth of 2 cm. Because Trenton Channel and 
STND sediments differed in density, wet masses differed slightly among treatments. 
Thirty identical preparations were made simultaneously for a long-term study 
(discussed elsewhere). 

Following addition of sediment, dechlorinated lapwater was placed in each jar and Eids 
were loosely put into place. Capillary tubing was inserted through the lid of each 
jar and below the water surface to provide aeration. Jars were kept at room tempera- 
ture (20-22 C). Measurements of conductivity, pH and dissolved oxygen concentration 
indicated that all replicates had equivalent water chemistry at the beginning and end 
of the experiment (pH =■ 6.7. conductivity 390 US cm , oxygen saturated). 

The experiment was terminated on 14 August 1991. We removed larvae while attempting to 
minimize disturbance to the sediments. Surface water was carefully poured off and 
replaced with carbonated waier (club soda), which anaesthetizes larvae and causes them 
to rise to the water surface. All larvae from a jar were removed, placed Into a 
gridded petri dish and photographed. Larvae were subsequently frozen and stored in 
bexane-rinsed jars prior to gas chromatographic (CiC) analysis. 

Aliquols of sediment from three randomly selected replicates of each of the sediments 
were placed io hexane-rinsed amber jars and stored frozen. Only the OX, 0.063X and IX 
sediment analyses have been completed to date and are reported herein. 



2.3.2. Determination of Larval Growth 

The sue of each larva at the begining and end of the bioassay study was determined by 
measuring its photographic image (head width and body length) with reference to the 
size of the image of lines on the bottom of petri dishes in which the larvae were 
photographed. Head width provided less within-jar variation than body Length. Thus. 
this variable was used to estimate larval growth. Growth was defined as the instanta- 
neous percentage change in mean larval head width (100 x Lnfraiio of final: initial 
head width)) estimated over the course of the experiment- Larval growth has been 
measured for only the IX, 0.063X and OX treatments. Only these data are reported here. 

2.4. Contaminant Analysis 

Triplicate sediment samples and duplicate Heya g enia samples were analysed for organic 
contaminants concentration in the Great Lakes Institute analytical laboratory. Twenty- 
five-g aliquots of Sediment were Soxblet extracted for 24 h and analyzed according to 
the procedures described by Gobas el al. (1989). Hcxaeenia larvae (1.0-1,5 g wet mass 
composite from one bioassay jar) were homogenized with mortar and pestle and extracted 
by solid-liquid column extraction using 20 g anhydrous sodium sulphate and 300 mL 50% 
dichloromethane-50% hexane mixture as the solvent (Kovats and Ciborowski 1989). 

Extracted samples were injected into a Hewlett-Packard model 5790A GC equipped with a 
25 m x 0.25 mm fused silica column and an electron capture detector. Concentrations of 
19 contaminants (14 PCB congeners, total PCBs, DDE, OCB, OCS, HCB, trans-nonachlor) 
were quantified based on peak patterns and comparision to those in standard mixes of 
known concentrations. 



3. RESULTS AND DISCUSSION 
3.1. Ilf tBgtnia Growth and Survival 



Little mortality occurred over the 21-day interval of the study (Fig, 1A), One hundred 
percent survival was observed in at least two replicates of each treatment. Mean (+SE) 
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Figure 1. Mean (± 1 S.E., o=5) survivorship and growth in head width of Hexaeenia larvae 
after 21 days in mixtures of sediment ranging from pure (IX) Trenton Channel sediment to 
pure (OX) STND sediment. Left. Survivorship (arcsin square tdoi of proportion). Right. 
Percentage growth (100 x Ln(final head width/initial head width)). Data for intermediate 
dilutions presently unavailable. 



Tabk 1. Mean fSEj conctnnritimii of conurnmann in wdimcnii (left column, n«J) mil H yjtflf cjti p (3rd tfolumn. 
n-2) Trom Q,&63X dilution treatment. i-tno* of canrcnt rations m IX (IC.3X treatment* of iedinwni (2nd 
column) and iicmeenti (4th column), and lics^acni* tuQarrumulauon f#ctori in A 0*1X (Sih cfiiumn) and IX {6th 
column} trejimc nil 
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among-repiicate survival was lower in the IX sediment treatment <86±S.1%. n = 5) than in 
any of the other treatments (95-98%) but the difference was not significant (1-way 
ANOVA of arcsin square root transformed data, p > 0.05). Coefficients of variation (V) 
ranged from 11.9 to 18.7 percent. 

Larval growth ranged from a mean loss of 3% of head width to an increase of 11% within 
individual jars over (be duration of the experiment. Sexual dimorphism of larger 
larvae and an approach to emergence with consequent distortion of body dimensions 
contributed to size variability. There were no significant differences in mean growth 
among the OX, 0.063X and IX treatments, although growth appeared to be stimulated by 
pore Trenton Channel sediment (Fig. IB; p > 0.05, Kruskal-Wallace test; coefficient of 
variation of Log transformed data ranged from 9 ■ 80%). 



3.2. Contaminant Uptake 

3.2.1. Sediment Contaminant Concentrations 



Organic content of the Trenton Channel and STND sediments were comparable (10, 6 and 
8.4% at the beginning of bioassay). Food addition during the experiment increased 
organic content of the STND sediment by approximately 1.8 percentage points but did 
not influence organic content of the Trenton sediment. 

Although the dilution of Trenton Channel sediment with STND sediment was expected to 
produce a proportional change in contaminant concentrations (16-fold between IX and 



0.063X), this did not appear to occur. The IX:063X ratio of concentrations varied with 
individual compounds (Table I). Penlachlorobenzcne (OCB), hexachlorobenzene (HCB) and 
octaehlorostyrene (OCS) ratios mcl or markedly exceeded expectations. Ratios for the 
remaining compounds were alt <16. Ratios for PCBs ranged from 4-16 and tended to 
increase with increasing congener number, Because organic carbon content of STND and 
Trenton Channel sediments were very similar, ratios based on dry mass were almost 
identical to ratios based on carbon mass of the sediments. 

We speculate that the nnnrongruenee of ratios of individual contaminants between 
sediments may relate to qualitative differences in the organic carbon fraction of the 
two sediment types. We believe that the carbon species of STND sediment bound QCB and 
related compounds less lightly than the carbon species associated with Trenton Channel 
sediment. The contaminant dynamics only partly parallel patterns of contaminant hydro- 
phobicity. Although values of the relatively soluble nonPCB compounds exceeded the 
expected 16- fold dilution ratio, ratios progressively increased with decreasing 
solubilities of the various PCB congeners. 

3.2.2. Contaminant Uptake by Larvae 

Larvae reared in reference (OX) sediment had very low but delectable concentrations of 
all contaminants assayed except OCS. Concentrations of OCB, HCB, OCS and trans- 
nonachlor were alt <l.u ug/kg wet mass. Concentrations of p,p'-DDE and 14 PCB con- 
geners were all <2 ug'kg wet mass. Mean (±SE) total PCB concentration (expressed as 
Aroclor 1254/1260) was 21±(4,3, n=2) ug/kg wet mass. These concentrations are equiva- 
lent to or less than contaminant levels reported for larval and adult Hexagertia 
collected from uncontaminatcd' Ontario reference field sites (e.g., Bedard 1990, 
Kovats and Ciborowski 1989). 

Patterns in contaminant uptake by Hexagcnia with respect to specific contaminants 
paralleled the differences in concentration ratios between IX and 0.063X sediment 
dilutions. Concentrations of OCB and HCB in Hexagenia increased approximately log- 
linearly with increasing proportion of Trenton Channel sediment (Fig. 2A). This 
pattern was evident for contaminant concentrations expressed both on a wet mass and a 
lipid mass basis, although lipid mass expression produced less variation among repli- 
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Figure 2. Mean (+ 1 S.E., n^2) concentration of organic contaminants in Hexagenia larvae 
after 21 days in mixtures of sediment ranging from pure (IX) Trenton Channel sediment to 
pure (OX) STND sediment. Left. Concentration of hexachlorobenzene (mg/kg lipid). Right. 
Concentration of total PCBs (mg/kg lipid). 



cat.es, Lipid comprised 1.3-2% of larval wet mass. Regression analysis revealed a 
significant positive relationship between Hexagcnia concentration, of OCB and HCB and 
Ln(Pronortion of Trenton Channel sediment) (F-255, p«0.Q01, HT*0.94). However, there 
was significant deviation from linearity (p < 0.005). Concentration of PCBs increased 
log-linearly with increasing proportions of Trenton Channel sediment for all dilutions 
except the IX treatment (Fig. 2B; linear regression analysis, F ■ 24.45, p<0-05, 
IT =-0.3 4). These findings are consistent with a differential uptake model of bioconcen- 
tration and bioaceumulation. Relatively soluble compounds (Log Kow<6.0) are thought to 
be taken up primarily by transport across respiratory surfaces, whereas ingestion 
pathways are more important for the less soluble compounds (Landrum and Poore 1988, 
Bedard 1990). We suspect that the reduction in PCB uptake in IX treatments reflects a 
change in either feeding or physiological/metabolic behaviour of larvae. However, no 
significant differences in growth were found among treatments, so that these differ- 
ences cannot be attributed to feeding rate per se. Accordingly, differential binding 
of contaminants to the carbon species present in Trenton Channel sediment is a more 
tenable explanation for these differences. 

Variation in bioaecumulalion ratios among sediment dilutions (Table 1) stc also con- 
sistent with a hypotheses of reduced feeding or di f ferential contaminant binding. 
Bioaceumulation factors (BAF) ranged from 6 - 30 (median 133) in 0.063X sediments but 
from only 0.8 - 4.3 (median 2.6) in IX sediment. A decrease in BAF with increasing 
hvdrophobicily among PCBs may indicate differences in the time required for the com- 
pounds to achieve equilibrium among sediment, water and mayfly larvae. 

Although our bioassay failed to show significant mortality or growth effects of con- 
tamination on Hcsagenia, contaminant transfer is obviously significant. Noncongruence 
in the behaviour of different contaminants at various dilutions has important implica- 
tions for the evaluation and interpretation of bioassay results. There is clearly an 
interaction between contaminant characteristics and mode of uptake by larvae. The 
ultimate effect on BAFs and the organisms* success requires further study. 

33. Statistical Power of Sediment Bioassays 

Previously proposed sediment bioassay guidelines (Lomas and Krantzberg 19881 advocate 
comparison of 21-day growth and survival of Hexagcnia larvae in triplicate samples of 
contaminated sediments to field -collected reference sediments. The ability to detect a 
significant effect (statistical power) depends on t h rec factors: the true magnitude of 
the effect (D the difference between reference and treatment), among-replicate varia- 
bility within treatments (expressed by the coefficient of variation V |100 x standard 
deviation/ mean]) and the number of replicates per treat men e (n). The power of a 
bioassay Lest is proportional to (h-1))/V. If one wishes to be reasonably certain of 
detecting a specified difference D, (ideally defined by predetermined guidelines) then 
replication levels must be selected to accommodate the amount of among- replicate 
variability of the data- 
Table 2 outlines the degree of replication necessary to provide 80% certainty of 
detecting a difference between two means (significant at p < 0.05) for different 
values of V and D. A bioassay test employing triplicate samples would be 80% certain 
to show a difference between two means of 50% if V was 205t or less (boldfaced entry of 
Table 2), Among-replicate variation in size and survival is often 30-50% or more for 
laboratory cultures of aquatic invertebrates such as Hfix ajjcnia (Hants and Ciborowski 
1991). Clearly, designs thai employ triplicate samples of treatments are relatively 
insensitive. With 40% variation, growth or survival in controls must be almost almost 
half or double those in a treatment if an effect is to be judged significant in 80% of 
tests. We recommend employing a minimum of 5-6 replicates if differences as small as 



Table 2. Minimum sample size necessary to be B0*& certain thai a specified (rue 
difference between two groups will be found significant (p < 0.U5). V is [he wilhin- 
repUcate coefficient of variation ([s/X| x 1C10). Line transecting table indicates 
minimum differences likely to be designated significant with triplicate sampling. 
Entries for which n>10() may be overestimated by approximately 2%. Three replicates 
are considered an absolute minimum sample si/e if outliers arc to be idcnli fied 
Entries were determined from power formulae given by Sokal and Rohlf U981)- 
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50% are to be judged significant (10-12 replicates x treatments in a [wo*sample 
study). 



4. PROVISIONAL CONCLUSIONS 

Simple sediment bioassays involving triplicate replicates of reference and treatment 
sediments are unlikely to have the power necessary to indicate toxicity except in 
extreme cases., especially if large, relatively tolerant mature animals are used. 
Replicated regression analyses are less powerful than two-sample comparisons if a 
fined total number of observations is to be employed (Sokal and Rohlf 19&1). However, 
designs such as the serial dilution protocol can provide important information re- 
garding the dynamics of contaminant uptake. We rccummend increased levels of overall 
replication be employed in sediment bioassays fa minimum of 10 observations among all 
groups/replicates), regardless of the design to be employed. 
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DIAGNOSTIC EXPERT SYSTEMS: ENCODING CHEMICAL 
KNOWLEDGE IN AAdiagnosis 

Sharbari Lahiri* and Martin J. Stillman, Department of Chemistry, University of 
Western Ontario, London, Ontario, N6A 5B7. 

Abstract This paper describes the design and implementation of a diagnostic 
expert system that is used to diagnose problems in the analysis for metals by 
atomic absorption spectrometry. In the AAexpert system, problems associated 
with instrumental analysis are classified into (a) problems that are detected during 
instrument optimization and (b) problems that are chemical in nature and are 
encountered only during sample analysis. The chemical knowledge is encoded at 
three different levels, namely (a) the primary level, (b) the secondary level, and (c) 
the tertiary level. A series of interconnecting rules are generated on compiling the 
secondary level of knowledge. The method of encoding chemical knowledge at 
three levels provides a robust technique which is generally applicable to encoding 
chemical knowledge for use in advisory expert systems. 

ENCODING CHEMICAL KNOWLEDGE FOR AAdiagnosis 

Our development project is part of a large, multi-component expert system 
named ACexpert, a system which is concerned with all aspects Of chemical 
instrumental analysis (1). The expert system shell KDS 3 (from KDS Corporation 
934 Hunter Road, Wilmette, IL 60091, USA) has been chosen as the shell within 
which our expert system will be developed. The role of AAdiagnosis in AAexpert is 
to provide advice to users in areas related to diagnosing problems associated with 
the measurement of data. Through experiment, a series of unique symptoms that 
degrade the analytical quality of data obtained by flame atomic absorption 
spectrometry (AAS) have been identified (Table 1). Table 1 lists the symptoms 
(conditions) encoded in AAdiagnosis. In some cases the symptom can only be 
observed under special conditions. For example, when a sample is aspirated into 
ihe (lame the real time signal from the photomultiplier tube exhibits a characteristic 
shape and noise when plotted as a function of elapsed time. Deviation from this 
signature can be used as a sensitive diagnostic tool. 
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We have evaluated the symptoms reported earlier (2. 3) and have adjusted 
the entries in the knowledge base to include additional symptoms associated with 
measurement of data by flame atomic absorption spectrometry. We find that 
analysis of information regarding noisy data requires certain instrumental set up 
and sample property information. These conditions have been incorporated into 
the knowledge base. The major causes of these symptoms have been deduced. 
The knowledge base of symptoms and causes and the resultant rule base is 
general for all flame AAS analyses and so these data can be applied to other 
systems. 

In our approach we connect the instrumental set up conditions and sample 
chemical properties, to the analytical symptoms through logical relationships 
established at the primary and secondary level of knowledge development, The 
most important feature of any expert system is the construction of the knowledge 
base Since the KDS knowledge bass? is represented as a matrix Of Sacts we can 
build up information in three stages. The requirements to "fill in" the matrix leads in 
encoding the chemical information at three different levels, namely (a) the primary 
level, (b) the secondary level, and (c) the tertiary level (4). At the primary level, a 
condition is added to the knowledge base in order to discriminate between the 
existing knowledge. At the secondary level, the logical connections between 
conditions and case conclusions not related at the primary level are connected 
logically. Thus knowledge is represented in the form of a matrix of facts in which 
columns are represented by case conclusions and rows are represented by 
conditions. Table 2 shows the matrix of knowledge in AAdiagnosis. The 
knowledge in the matrix is said to be completely "filled" when the developer does 
not leave any condition unrelated with conclusions, The final level of expertise is 
added to the module when the developer encodes different combinations of 
symptoms that result in causes that exist in the knowledge base. These parallel 
cases added to the module depend on the previous experience ol the expert. 

DISCUSSION 

Rule based expert systems have been widely adopted as a method of 
representing knowledge diagnostic expert systems. One of the best understood 
rule based expert systems in the field o) analytical chemistry is the program for 
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interpretation of infra red spectra (PAIRS) by Woodruff and Smith (5). This 
program was designed to aid the chemist in interpreting infra red spectra of liquid 
and solid samples. Changing or adding rules was not difficult but the drawback of 
the system was expressing chemical knowledge as well defined rules. 

We have described a method of encoding chemical information for 
problems encountered during metal analysis by flame atomic absorption 
spectrometry. The constraints involved in adding new knowledge to an expert 
system based on conventional language led us to use of an expert system shell 
for the development of AAdiagnosis. We chose a rule based expert system shell 
that requires the chemical knowledge to be encoded in the form of case histories. 
AAdiagnosis treats the symptoms and the related causes as data. The primary 
level of knowledge relates symptoms directly with causes. The secondary leve! of 
knowledge relates symptoms with symptoms. The rules in AAdiagnosis are 
generated after compiling ihe secondary level of knowledge and therefore relate 
symptoms. The symptoms are universal and together with the causes represent 
our experimenta! results. 
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Table 1. List of symptoms (conditions) in AAdiagnosis 



1. Relative standard deviation of the measurements are high(>5%) and absorbance 
values are not precise. 

2. Absorbance values are 50-80% of the expected values in the calibration graph. 

3. Absorbance values are 20-40% of the expected values in the calibration graph. 

4. Noisy absorption signal (observed from signal graphics). 

5. Occasional pulse up or down in signal (observed from signal graphics). 

6. Signal decays during absorption (observed from signal graphics). 

7. Pulsating signal (observed from signal graphics). 

8. The calibration graph levels off at high concentrations. 

9. The calibration curve is sigmoidal. 

10. There is a change in absorption sensitivity between re-calibration. 

11. Drift in baseline. 

12. The flame has a ragged appearance. 

13. Bubbles form in the capillary tube. 

Instrumental conditions that relate directly to the diagnostic rules: 

14. Integration time is more than 3 seconds. 

15. An oxidizing flame is being used. 

16. Pressure is higher than 70 psi in the fuel cylinder. 

17. The burner is set below 8 on the vertical scale. 

18. A nitrous oxide -acetylene flame is being used. 

Set up conditions that relate to the diagnostic rules: 

19. A refractory element is present in ihe solution. 

20. The samples are viscous. 

21. The uptake rate is more than 5 mL/min. 

22. Fluctuating display of lamp intensity while optimizing lamp. 

23. The hollow cathode lamp is on but there is no display of lamp intensity while 
optimizing lamp. 
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Table 2. The knowledge matrix in AAdiagnosis. 



GP * THE PREPARATION OF STANDARD REFERENCE AQUEOUS SOLUTIONS 
(SRM) FOR HIGHLY HYDROPHOBIC MATERIALS. Barry G.Oliver*, 
ZENON Environmental Laboratories Inc., 8577 Commerce Court, 
Burnaby, BC V5A 4N5 and M.GIenys Foster, ZENON Environmental 
Laboratories Inc., 5555 North Service Road, Burlington, Ontario 
L7L 5H7 

1.0 Introduction 

This study involved the development of standard reference aqueous 
solutions of highly hydrophobic materials using generator columns. 
Pioneering work in the area was done at the National Bureau of Standards 
in Washington by May and several co-workers. As a result of their early 
work generator columns for several PAHs are available from NBS. The 
main application of the columns has been to estimate aqueous solubilities 
and octanol-water partition coefficients of organic chemicals. 

The analysis of trace organic in water and effluents is a research area of 
growing interest. Most analytical techniques are proofed by spiking 
samples in the laboratory to check recoveries of the various extraction 
and cleanup steps required to isolate the chemicals of interest from the 
matrix and from interferences. The weakness of this approach is the lack 
of knowledge of the stability of the analyte in the sample during the 
collection, transportation and storage. Generator columns can be used to 
produce aqueous solutions of hydrophobic organics at known 
concentrations so that the entire analytical scheme can be tested. These 
accurate solutions can also be used in interlaboratory studies to test 
performance of various laboratories. 



2.0 Generator Column Preparation 

Chromosorb W (60/60 mesh) was used as the column support. The 
Chomosorb W was first cleaned by placing 2 g of resin in a column and 
then passing 100 mL of methylene chloride and then 100 mL of hexane 
through the column at a flow rate of about lOmL/min. The chemical of 
interest was dissolved in hexane. Two grams of Chromosorb W was then 
placed in a flask with 100 ml of hexane containing 20 mg of the study 
compound. The hexane was then removed by rotary evaporation. The 
support place is thus coated with 1 percent by weight of the study 
chemical. 



The coated Chromosorb W is then packed into a stainless steel column of 
dimensions, 0.64 cm outside diameter by 25 cm long, using a vibrator to 
assure tight packing. Both ends were sealed using stainless steel HPLC 
filter frits and Swagelok fittings. Each column contained about 1 gram of 
Chromosorb W and 10 mg of the study chemical. 

2.1 Column Testing Procedures 

Columns were attached to an HPLC pump with a delivery capacity of up to 
IS mL/min. The column was suspended in a water both which controlled 
the temperature to + 0.1 "C. A variety of flow rates and temperatures 
were used for column #1 containing hexachlorobenzene (HCB) to study the 
effect of these variables. Subsequently, an optimum temperature and 
flow rate were chosen for testing of additional columns. High purity lab 
water (filtered/carbon absorption/reverse osmosis/ion exchange) was 
passed through the columns. Volumetric flasks (50 mL or 500 mL) were 
used to collect the solutions from the column. 

2.2 Analytical Procedures 

All standards for this study were prepared from high purity crystals 
obtained from US EPA at Triangle Park, North Carolina. At least 
20 mg of crystals were weighed out on a Mettler Model HK60 balance thai 
could be read to ±0.01 mg. 

Hexachlorobenzene, aidrin and endosulfan the 50 mL aqueous solutions 
from the columns were then placed in a separatory funnel and extracted 
with 25 mL hexane. The very low water/solvent ratio assured that 
greater than 99% of the chemicals were recovered. The hexane layer was 
dried with anhydrous sodium sulphate and placed in autosampler vials. 
Four vials from each sample extract were analyzed and the results 
averaged to obtain each data point. No cleanup or concentration of the 
extract was performed so no analyte losses would be expected, The 
analyses were performed using a Hewlett Packard Model 5880A gas 
chromotograph equipped with an electron capture detector. 



m 



3.0 Results 

The experimental results from the four study compounds 
hexachlorobenzene(HCB), aldrin, endosulfan 1 and mirex are compared to 
literature solubilities in Table 1. In general, agreement between the 
current generator column produced aqueous solubilities with the available 
literature solubilities is good. 

Table 1. A Comparison of Water Solubilities From This Study to 
Literature Values* (Concentrations in ug/L). 



Chflmicai 



Solubility 
This Study 



Literature 

Solubility 



Method SfiuiCfi 



HCB S.1±0.27 20(?°C) SF" Laseter el al(1976) 

6(25°C) SF** Metcalf et al(1973) 

47(25°C) GC*" Miller et al (1984) 

5(25°) SF** Yalkowski et al{1979) 

Aldrin 23.5±2.8 27(27°C) SF" Park and Bruce(1968) 

17(25°C) SF** Weil et al(1974) 



Endosul, I 470±13 



164(?°C) SF** 

150(22°C,pH7.2)SF" 
260(20°C,pH5.5)SF" 
530(25°C) SF" 

600(?°C) SF** 



Ali(1978) 
Phillips(1975) 
Phillips(1975) 
Weil et al(1 974) 
MRI(1977) 



Mirex 



"SF - 
***GC 



0.04810.004 1(?°C,0%Salin.) SF" 
0.04(?°C,4%Sal.)SF" 
0.007(?°C) SF" 

Shaker Flask Method. 

. Generator Column Method. 



Alley(1973) 
Alley(1973) 
Smith et al(1980) 



4.0 Summary and Conclusions 

1 . Methods for preparing generator columns have been detailed and this 
technology will be transferred to MOE in a report and through 
telephone conversations. 

2 The aqueous solubilities of HCB, aldrin and endosulfan I have been 
measured and with the generator columns at 20 C, C. 

3. The effects of flow rate and temperature on these solubility ot HCB 
have been determined. 

4. Some preliminary experiments were conducted with mirex and minor 
difficulties in using the procedure for chemicals with extremely low 
solubilities were found. These difficulties should be worked out 
using mirex before moving to the chlorinated dioxin part of the 
project. 

5. Some successful testing was carried out using column with a lower 
chemical loading 0.05% instead of the usual 1%. This work indicates 

it may be possible to use much lower amounts of toxic chemicals such 
as chlorinated dioxins and still produce the desired saturated aqueous 
solutions. 

6. Three generator columns have been delivered to MOE to deliver the 
following: 

Column #1 Hexachlorobenzene(20°C) 6.1 ± 0.27 ug/L 
Safe Water Volume - 800 liters 

Column #2 Hexachlorobenzene (20°C) 6.1 ± 0.27 ug/L 
Aldrin (20"C) 23.5 ± 2.8 ug/L 

Safe Water Volume - 200 liters 

Column #3 Endosulfan I 470 ± 13 ug/L 

Safe Water Volume - 10 liters 



DEVELOPMENT OF AN ENZYME IMMUNOASSAY FOR THE RAPID DETECTION 
AND QUANTIFICATION OF GLYPHOSATE 



G.M. charbonneau, T.L. Collier, H.G. Craig, and C.J, Morin, 
Paracel Laboratories Ltd., Ottawa, ON, K1G 4K6, and CD. Hall, 
Laboratory Services Branch, Ontario Ministry of the Environment, 
Rexdale, ON, M9W 5L1. 



INTRODUCTION 



Glyphosate (N-phosphonomethylglycine) is a broad spectrum, 
non-selective, post-emergence herbicide; it is effective in the 
control of a wide range of weeds and at the same time is 
relatively non-toxic to mammals. The LD 50 based on oral feeding 
of male rats was reported to be 4320 mg/kg (Watts, 1980) . The 
currently accepted LD 50 value for mammals is 1568 mg/kg (Miles et 
al., 1986). Properties which make this compound effective 
include high water solubility, rapid absorption and translocation 
by plants, and low degrees of in vivo metabolism and degradation. 
It is a unique compound in that it acts by disruption of phenolic 
metabolism (Hoagland and Duke, 1981) . 

Because of the significance of glyphosate, sensitive, 
accurate and widely applicable analytical methods for glyphosate 
are essential. Special complexities arise in the quantitation of 
this compound because it is soluble in water and insoluble in 
organic solvents. Currently, the detection of glyphosate is most 
commonly performed by biphaslc aqueous-organic extraction 
followed by cleanup of the supernatant aqueous extract utilizing, 
first, iron-loaded Chelex 100 resin, and then, AG-1-X8 anion- 
exehange resin columns. Liquid chromatography coupled to a 
postcolumn reactor specific for primary amines, or compounds that 
can be converted to primary amines, is then used for the 
quantitation of the extract (Cowell et al . , 1986). This 
analytical technique is long , costly, and has a detection limit 
near 0.05 ppm and recoveries around 801. The use of an enzyme 
immunoassay would be of great help in i) shortening the time 
required for the analysis, ii) allowing the simultaneous analysis 
of many samples at the same time, and iii) lowering the detection 
limit. ThiB research project is directed to the development of 
an enzyme immunoassay against glyphosate using polyclonal 
antibodies that could possibly, later be replaced by monoclonal 
antibodies. It is divided into three major stages which include: 
i) the preparation of the immunogen, ii) the production and 
selection of polyclonal antibodies and. Hi) the preparation of a 
tracer and the development of a competitive enzyme immunoassay. 
Currently, part i) and some of part ii) have been achieved. 



MATERIALS, METHODS AND RESULTS 



1. STMTHESIS OF THE BOVIKE SERUM ALBUHm-GUraOSftTE CWWGATB 

As glyphosate Is too small a molecule to be immunogenic, the 
first step in the production of an immunoassay for glyphosate is 
the synthesis of an immunogen consisting of the hapten, 
glyphosate, covalently linked to a large carrier molecule such as 
bovine serum albumin (BSA) . The antibodies raised against such 
an immunogen tend to have highest specificity against that part 
of the hapten molecule that Is furthest removed form the carrier. 
This consideration caused ua to link glyphosate via the 
cartoxylic acid function of the glycine moiety which will allow 
as much as possible of the phosphonate group to be exposed during 
antibody production. Molecular modelling calculations that 
predict the degree of steric hindrance of the hapten and the 
optJinum electronic distributions for antibody formation indicated 
that the hapten should be attached to BSA via a five to six 
carbon chain rather than directly, 
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This was accomplished using 6-aminocaproic acid in the 
presence of 1, 3-dicyclohexylcarbodiimide (DCC) to form an amide. 
The amide was purified by preparative thin layer chromatography 
and methanol recrystallization and its identity confirmed by 
nuclear magnetic resonance and mass spectrometry. The 
glyphosate-caproic conjugate was attached to BSA by a mixed 
anhydride method using t-butylchloroformate. The resulting 
immunogenic conjugate was purified by dialysis against distilled 
water and subsequent lyophilization. 



2 . POLYCLONAL AHTIBODY PRODUCTIO N AND S ELECT I ON 

A set of six rabbits was used for the immunization. Blood 
samples were taken through the ear at DAY in order to obtain 
pre-immune serum from each of the rabbits. They were then 
injected with 0.5 mL of a mixture 1:1 of the conjugate in PBS and 
complete Freund adjuvant (approx. 1 mg/mL) . Four (4) injections 
of 0.5 mi each were made on each animal at the same time, two 
injections sub-cutaneous ly and two injections intra-muscularly. 
On DAY 21, 42, and 63, the rabbits were re-injected with the 
same amount of conjugate, but this time, mixed 1:1 with 
incomplete Freund adjuvant. On DAY 73, each rabbit was sampled 
through the ear and tested for the presence of anti-BSA 
antibodies using simple immunodiffusion. Since no reaction was 
observed, the six rabbits were re-injected twice following the 
same protocol in an attempt to raise the titer. They were then 
re-tested by immunodiffusion against BSA and also the BSA- 
glyphosate conjugate. Again, there was no reaction observed 
between the sera and the BSA alone. However, for two rabbits, 
precipitation bands were observed between the sera (rabbits 
number 3 and 6) and the BSA-glyphosate conjugate. These two 
rabbits were then bled by intra-cardiac puncture. Their sera is 
now being tested for specificity against glyphosate using a 
radioimmunoassay (RIA) . 

The RIA testing of the rabbit sera is as follow. Polyvinyl 
chloride microtitration plates are coated with 100 jjL of a 1,000- 
fold dilution in PBS (20 mM) of swine anti-rabbit immunoglobulins 
(Dakopatts, Denmark) and incubated overnight at room temperature 
(RT) . Uncoated plastic is then saturated by adding 100 nh of 
PBS-BSA (6%) to the wells. After an incubation of 3 h at RT, the 
plates are washed three times with PBS and 100 nL of serial 
dilutions, in PBS, of the rabbit antisera are placed in wells. 
The plates are left at RT for 3 h. They are then washed four 
times with PBS-Tween 20 (0.05%) (PBST) and filled with 100 m, of 
14 C radiolabeled glyphosate (approx. 50,000 cpm) in PBST. After 
3 h of incubation at RT, the plates are washed six times with 
PBST and each well is cut and placed in a liquid scintillation 
vial containing 12 mL of Beckman's Ready Protein" 1 " cocktail. 
Radioactivity present in each well is then estimated using a 
Packard 1900CA Liquid Scintillation Analyzer. Antibody titer is 



defined as the reciprocal of the amount of antisera (mL) required 
to give 50% binding of radioactive glyphosate. 

Results were not yet available from the RIA testing when the 
Proceedings manuscripts were required. 



DISCUSSION 



The power of immunochemical technology to solve problems in 
the pesticide field is becoming widely appreciated. Immunoassays 
are physical assays which offer many advantages, including 
simplicity, sensitivity and specificity. Immunoassays do not 
rely on volatility (GC) , thermal stability, or the presence of 
chromophores (UV , fluorescence) or heteroatoms (ECD, NPD) for 
detection. The development of competitive enzyme immunoassays is 
one of the most promising approaches to the detection and 
characterization of both xenobiotics and biological entities. 
Hot only does enzyme immunoassay development allow the lowering 
of detection limits for environmental pollutants, but it also 
allows spending less time doing the routine runs and permits its 
application in less fully equipped laboratories. Since 
immunoassays usually work well in human body fluids, the 
technology is applicable to evaluation of worker exposure as 
well. Thus, immunochemistry is likely to complement existing 
technologies in providing, at reduced cost, the type of data 
currently generated in pesticide trace analysis. 
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EXPERT SYSTEM FOR USE IN ENVIRONMENTAL CHEMISTRY. 
DESIGN AND IMPLEMENTATION OF GC-MSexpert AND AAexpert 

Martin J. Stiilman*, Guosheng Huang, Sharbari Lahiri and Qiwei Zhu. 
Department of Chemistry, University of Western Ontario, London, Ontario, N6A 5B7. 

ABSTRACT 

Expert systems will play an essential role in the environmental laboratory in the future. In this 
paper, we describe progress towards the development of two major expert system modules (i) 
AAexpert, a program that can control an atomic absorption spectrometer and associated 
solution handling instrumentation, can analyze the quality of the analytical data measured and 
can provide advice on corrective action to be taken to improve data quality, and (ii) 
GC-MSexpert, an expert system, which is designed to assist in the interpretation of GC-MS 
data associated with environmental samples. This system includes structure elucidation, 
identification of components and GC-MS data processing. Both these programs form part of 
ACexpert, a rule-based expert system with a graphic user interface written within Microsoft 
Windows 3.0. ACexpert incorporates several expert systems, including ACselect, AAexpert 
and GC-MSexpert. This paper describes the design of the prototype for these expert systems 
and a novel spectral data handling module. 

Introduction 
Expert system are ideal as tools to help solve complicated practical problems that require 
considerable prior technical knowledge. Expert systems are able to apply reasoning and 
problem-solving techniques to solve real-world problems. Applications within analytical 
chemistry fall into two broad categories: (i) systems that are developed to interpret 
experimental results, and (ii) systems that provide guidance or advice as to the course of action 
a analyst should take [1-4]. Specific programs include analysis of 1R spectra [5], ,J C NMR 
16], MS/MS [7], GC/IR/MS [g], methods development in HPLC [9,10] and automated metal 
analysis [1 1-14]. The promise in the development of expert systems for use in analytical and 
environmental chemistry is that the rules and facts in the knowledge base of an expert system 
can be assessed by experts in both regulatory agencies and industry, and the advice given to a 
wide body of user can be verified. An advisory role for expert systems appears at present to 
offer the greatest productivity gains. Typical roles for expert systems involve diagnosing 
instrument faults, diagnosing problems in instrumental measurements, advising on method 
development in chromatography, advising on complex data analysis and analyzing databases 
for hidden trends. These latter examples are of direct interest when environmental monitoring 
programs require large numbers of measurements to be made at frequent intervals: the quantity 
of data can overwhelm resources available to the analyst. 

One of the most important aspects of an expert system is the implementation of the user 
interface. In an advisory role communication between the system and the user must be 
extremely flexible so thai the flow of information is most efficient. We find that the breadth 
of information needed by the program in order to offer advice when systems are developed for 
use in the analytical laboratory, requires a very powerful user interface in which the user can 
monitor and adjust the information currently held by the system in response to the advice 
offered. 
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Results and Discussion 

ACexpert This system incorporates a number of interrelated modules, of which ACselect 
can be used to determine the best method to use in the analysis of unknown compounds, and 
AAcxpert and GC-MSexperl are programs thai incorporate complete advisory systems. Figure 
1 shows the structure of ACexpert. 

ACselect ACselect is an expert system that aids in the selection of the optimum analytical 
technique to be used in the analysis of complex samples. ACselect has been developed by 
combining the ACexpert user interface with an "analytical techniques knowledge base" through 
an inference engine provided by the KDS shell. ACselect is subdivided into different sections, 
for example, AAmethods, which provides detailed information about AAS methods, and 
GC-MSmethods which provides similar information for analysis by GC-MS techniques. The 
object of this separation of method selection is that within an analytical laboratory there may 
be several techniques capable of making the determination. A number of parameters must be 
considered when the choice is made, amongst these are the required detection limits, freedom 
from interference due to the supporting matrix, cost per analysis, and regulatory agency 
requirements. 

Selecting a proper analytical method is a more complicated procedure than simply accessing a 
set of information from the knowledge base. ACselect itself is an expert system, which not 
only consists of a knowledge base comprising the analytical information, but also a set of rules 
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that link these data together. The inference engine matches the users requirements for (he 
sample, such as species, matrix, concentration range etc., with rules in the knowledge base in 
order to offer advice about the best analytical method. The value of expert system modules 
like ACseiecl, is that future regulations concerning environmental protection can be issued as a 
knowledge base on disk to be used by the managers of analytical laboratories to design 
monitoring protocols. 

AAexpert Trace metal concentration determination using AAS (atomic absorption 
spectrometry) requires the completion of several tasks, each of which require extensive 
knowledge and expertise. The demands of regulatory agencies in the area of environmental 
protection, in particular, are such that precise selection of methods and the implementation of 
rigorous quality control is essential. Expert systems are ideal under these conditions as the 
evolutionary changes in methods and regulations can be added to the knowledge base without 
rewriting the program. Matrix effects, physical interferences, and spectral interferences are 
among the analyst's expert knowledge that the program must be able to assess as it decides on 
the advice to offer the user. Although incorporation of an expert system into the analytical 
laboratory will change how some of these tasks are carried out, the judgement and expertise of 
an analytical chemist or a skilled technician are still be needed to interpret the information 
offered by the computer system. The functions of the individual expert systems within 
AAexpert have been outlined previously [1 1-14]. 

EAexperl EAexpcrt is a complex expert system that controls the results obtained from a series 
of expert systems that carry out data analysis of data obtained by a number of chromatographic 
techniques. Figure 2 shows the structure of this expert system. Individual modules carry out 
data analysis using both spectral libraries and external databases lo provide the best suggestion 
for the identity of the compounds represented by the spectral data. EAmaster then combines 
the results of each module and determines if a unique compound or class of compound can be 
identified. In this figure, we show the mix of procedural routines (for example, data 
conversion from instrumental formats lo a common database format and data reduction) and 
rule-based routines. We briefly describe here the design of the system and features of the 
GC-MS data analysis module, GC-MSexpert, which is designed to give advice during GC-MS 
data analysis of measurements made on organic compounds in complicated 
environmentally-important samples. 

Combined gas chromatography-mass spectrometry (GC-MS) is an established technique for the 
analysis of complex mixtures and because of its sensitivity, wide range of applicability and 
versatility, the GC-MS technique is widely applied in chemistry, medicine, biochemistry, 
pharmacology, environmental pollution control, and food science [15]. However, analysis of 
individual GC-MS data sets generally requires a specialized expertise. In order to deal more 
efficiently with this problem, GC-MSexpert has been designed as a rule-based expert system 
with a graphical user interface. There are three stages in our design: 

1. Development of GC-MS data processing/data transfer facilities. 

2. Implementation of a sophisticated graphical user interface. 

3. Design of the knowledge base. 

Analysis of GC-MS data can be very complicated and requires extensive knowledge and 
expertise. Moreover, a GC-MS analysis of samples from environmentally-important sources 
produces a tremendous amount of data, which requires an effective means of data management 
and analysis. The prototype described here is designed to resolve these problems. The 
GC-MSexpert system is designed lo assist the analyst deal with the GC-MS analytical problems 
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Figure i Outline of the EAexperL system 



associated with the determination of compounds in the sampic of environmental interest, carry 
out automatic structure elucidation and offer advice on the identification of components in the 
samples, and finally, provide a sophisticated tool for GC-MS data processing, which includes a 
spectral data archiving capability for data interchange between laboratories, An overview of 
the system architecture is shown in Figure 3. The program will act directly to carry out both 
rule-based and procedurally-based operations on GC traces and associated mass spectral data. 
The analyst initially can browse through the GC data with the system presenting selected mass 
spectral data in a graphical window, Baseline subtraction and alignment with data from 
standards can then be carried out. Band deconvolution, fragment identification and library 
searches, controlled by the rule-base, are used to identify individual components in the 
chromatography of the analyte. Usually, if the mass spectrum of a substance of unknown 
structure has been obtained, the most popular computerized method of determining the 
structure of the unidentified compound is to search through a library of known spectra for a 
match between the sample spectrum and that of a compound in the library. When spectral data 
from the unknown compound are not present in the library, library searching techniques are of 
limited use. One approach to solve this problem, is to propose a structure that is consistent 
with the given spectrum. However, it may be possible to propose several structures that are 
compatible with the spectrum. The proposed structures must be verified by a variety of other 
methods. 

Implementation of the user interface Enperi systems generally include a knowledge base, an 
inference engine and a user interface. The user interface handles all communication between 
the user and the different modules in the expert system. An appropriate and user-friendly 
interlace is vita! for the success of an expert system that is to be used as an advisor. Since the 
analysis of GC-MS data usually involves complicated data interpretation and significant 
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Figure 3. Structure of GC-MSexpert 
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mathematical processing, the requirements for the user interface include a component lo aid in 
managing the complexity of these tasks. The GC-MSexpert system is implemented within 
Microsoft Windows™ 3.0, which provides a multitasking, graphical-based windowing 
environment. 
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DESIGN AND IMPLEMENTATION OF ACseleet 

Qiwei Zhu* and Martin J. Stillman, Department of Chemistry, University of 
Western Ontario, London, Ontario, N6A 5B7 

ABSTRACT This paper describes the application of expert system technology to analytical 
chemistry as part of the. development of the ACexpert system. The success or failure of an 
analysis often critically depends upon the proper selection of a method. ACseleet is an expert 
system that advises the. analyst how to solve real-world problems based on sample analysis 
information. A prototype of ACseleet has been developed in our laboratory which encodes the 
technique for choosing a proper technique for a required analysis. ACseleet has been 
developed by combining the ACexpert user interface with an Instrumental Analysis database 
through ike inference engine provided by the Al shell. KDS. ACseleet is a rule-based expert 
system written within ACexpert system thai uses a Windows J.O™ interface. 

Introduction 

The standard approach to solve an analytical problem is largely heuristic, with 
past experience and rule of thumb being used. Such rules do not have general 
applicability and only experience can tell whether or not to apply one in a given 
situation. Expert system can combine theory with rules to provides the flexibility 
necessary to cope with complex problems of the real world'. These systems will not 
replace chemists, but rather will assist them in performing their daiiy work'. 

The development of an expert system must start with some concept of what an 
"expert" is, how experts perform scientific tasks, and how scientific "expertise" is used by 
the expert. The unforeseen obstacle in developing expert systems is the difficulty in 
extracting knowledge from human experts and in representing knowledge in a logical 
and consistent format. This problem is often referred to as ffie knowledge acquisition 
bottleneck' 5 . The value of our present research is to find a way to extract expertise from 
human experts and reformat into a rule-based knowledge structure which the computer 
can use. 

Structure of ACexpert 

Expert system applications within the field of Analytical Chemistry 3 ' 3 fall into two 
broad categories: (i) Systems that are developed to interpret experimental resulls, and 
(ii) systems that provides guidance as to the course of action the analyst should take. 

ACexpert, which is a ruie-based expert system with a graphical user interface, 
has been designed to provide real-time assistance to the analyst in completing a 
required analysis. ACexpert incorporates several individual expert system modules, 
including ACseleet, AAexpert. and GC-MSexpert (Figure 1). Each of these is capable of 
acting independently or as a module of the full system. 
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Figure 1 . The Structure of ACexpert 

ACselect 

The general stages in an analytical process are: (1) Sampling; (2) Separation 
and preparation; (3) Selection of an analytical method; (4) Performing the analysis; (5) 
Qualify control/Quality assurance; and (6) Reporting the results. Clearly, this list does 
not indicate any of the complex interactions that exist between the various steps. 
Although each of the above steps is almost always involved in an analysis, there is no 
definitive algorithmic approach that can be applied in every situation. 

The expert system shell KDS-3 (KDS Corporation) has been chosen within which 
our expert system will be developed. As an inductive shell, KDS works in the sequence 
of facts.. .rules knowledge, the "step by step" example -driven programming structure 
makes KDS an excellent environment for resolving the ambiguity of unclear 
rationalizations". 

Selecting a proper analytical technique is more involved than simply accessing a 
set of information from the database. ACselect itself is defined as an expert system, 
which not only consists of (he knowledge base where all the analytical chemistry 
information is stored in the form of rules and facts, but also has a built-in inference 
engine provided by the KDS shell, which matches the requirements of the user through 
the ACexpert user interlace and the proper information selected by the Al shell from the 
database. 

Whenever confronting an analytical problem, an analyst accumulates a set of 
information before he/she can make any further decisions, This information includes: 
What is the sample type, such as: inorganic or organic, pure or mixture, elemental or 
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molecular? What is the matrix, or sample media? What is the concentration range? No 
matter what method is chosen, all these questions must be answered before a correct 
conclusion can be reached. If F(x.y.z) can be used to represent an analytical case, then 
we call the unknown factors (x. y. and z) the "Degree of Freedom (DOF)" for this 
particular analytical problem. Accordingly, ACseiect is also broken down into 
sub modules, each of which performs a single task, which aims to eliminate one of the 
DOFs in each analytical problem. A general module holds all these pieces together to 
lorm a complete program (Figure 2). 
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Figure 2. The Structure of ACseiect 

It is clear that through a series fitters, the DOFs become eliminated, and from this 
point, combined with the requirements of the regulatory agency or the customer, a dear 
and detailed profile about the sample begins to emerge. This computerized information 
can then be used by the computer as a direction that the inference engine uses with the 
rules and facts Irom the knowledge base to rationalize the generation of the proper 
method(s) for the novice user. 

Discussion 

We have completed AAdiagnosis using KDS (see the paper by Lahiri and 
Stiltman) and have developed new techniques with which to code the heuristic 
knowledge required by ACseiect. Although ACseiect is mostly still in the design stage. 
we did try several knowledge modules based on the ideas explained previously. 
Because the computer program can not Ihink", the focus really is how intelligent can 
the program be? ACseiect cannot accomplish its task by simply accessing a database. 
The choice of a technique and subsequently a method is too complicated for that 
approach. Our study aims at combining rules and database access in one program in 
order to provide that program the ability to offer expert advise. 
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CHARACTERIZATION OF THE EXTENDED CAPABILITIES OF ICP-MS WITH 
FLOW INJECTION INTO A GASEOUS CARRIER. Diane Beauchemin and 

Yves Le Blanc, Department of Chemistry, Queen's University, 

Kingston, Ontario, Canada K7L 3N6. 

Although one of the features of inductively coupled plasma 
mass spectrometry (ICP-MS) is its low detection limits for a large 
number of elements, the quantitative determination of As, Se and Hg 
at 0.2 M9/L in ground water is a task which is still impossible, on 
a routine basis. This situation results from several factors. 
First, all those elements possess a degree of ionization £ 50% in 
the argon plasma (l) . Secondly, the plasma produces background 
peaks directly overlapping three of the six isotopes of Se (at m/z 
76, 78 and especially 80) , which further hampers its determination 
since all the remaining isotopes of Se have a relatively low 
natural abundance. Isobaric interferences from argon-containing 
polyatomic species may also degrade the detection limit for As if 
any chlorine-containing compound is part of the matrix since it 
would lead to the formation of *°Ar 36 Cl which directly overlaps the 
only isotope of As. Finally, Hg possesses six isotopes which all 
have a natural abundance lower than 30%. The determination of this 
element is also plagued by a large and persistent memory effect (2) 
which unduly raises the background unless excessively long wash-out 
tines are used between samples. 

In order to enable the simultaneous quantitative determination 
of these three elements with a determination limit (i.e. 5 to 10 
times the detection limit) of 0.2 Jjg/L, changes in the operating 
conditions of the instrument are required. Ideally, these changes 
should result in: 1) an increase in the degree of ionization; 2) a 
reduction of isobaric interferences from polyatomic species 
containing Ar,- and 3) a reduction in memory effects. Several 
approaches have been used towards each of these goals but, so far, 
none has aimed at the three of them simultaneously. 

Mixed gas plasmas have been shown to enhance the ionization 
process (e.g. 3-4). For instance, Lam and Horlick (3) reported 
that the addition of N 2 , air or 2 to the plasma gas in ICP-MS 
improved sensitivity at smaller sampling depth, if the nebulizer 
flow rate and the power were increased. Although in their work and 
that of others, the other gas was mixed with Ar prior to 
introduction into the torch, other approaches can also be used. 
For instance, Murillo and Mermet (4) reported that an addition of 
H 2 as sheath around the nebulizer gas flow enhanced the ionization 
process. No matter how the gas is added, the enhancement observed 
with mixed gas plasmas results from the higher thermal conductivity 
of molecular gases which provides a more efficient transfer of 
energy within the plasma (4) . 

Mixed gas plasmas can also lead to a substantial decrease in 
isobaric interferences from Ar-containing polyatomic species. For 
example, Evans and Ebdon (5) as well as Branch et al. (6) reduced 
drastically the interference from *°Ar 35 Cl* on 75 As + by adding a 
small amount (30 mL/min) of N 2 to the nebulizer gas flow rate. 
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Desolvation can be used to further enhance the degree of 
ionization and reduce interferences from polyatomic species. For 
instance. Lam and McLaren (7) reported a substantial reduction in 
Ar o + (which overlaps directly with the major isotope of Fe) by 
adding N to the plasma gas and desolvating the aerosol prior to 
its introduction into the plasma. Not only does N 2 scavenge oxygen 
(6), but the reduced solvent load decreases the amount of energy 
required for the desolvation process, leaving more energy available 
for the ionization and/or excitation processes. 

As far as memory effect is concerned, the most straightforward 
way of reducing it is to decrease the amount of sample being 
introduced into the plasma. Flow injection (FI) is a very 
convenient and simple way to achieve this (8) since it consists in 
injecting discrete amounts of sample (for example, 100 /jL) in a 
flow of carrier (typically water). Obviously, aspirating a few 
microliters of a solution containing Hg cannot lead to as large a 
memory effect as continuously aspirating the sane Hg solution. 
Furthermore, the carrier which immediately follows each sample plug 
has a continuous rinsing effect. FI can be used to minimize the 
memory effect of Kg (2) . Moreover, if the distance between the 
sample injection valve and the nebulizer is kept small, only a 
limited dispersion of the sample occurs as it moves towards the 
nebulizer, resulting in little loss of sensitivity (i.e. a factor 
of 2 at the most, for 100-(iL injections (8)) compared to that 
observed by continuous aspiration. FI also has numerous additional 
advantages such as: increases sample throughput, drastic reduction 
of clogging of the interface by deposition of solids on the sampler 
and skimmer, minimal sample consumption, etc. (8), 

In principle, combining the advantages of FI with those of 
mixed gas plasmas, should fulfil the three requirements. Ideally, 
desolvation should also be included to truly maximize the benefits 
from mixed gas plasmas. A straight combination of the equipment 
required for FI, mixed gas and desolvation can be made, but it 
results in a somewhat expensive and elaborate set-up including a 
peristaltic pump, sample injection valve, some tubing and 
connectors for FI; a gas proportioner (or a sheathing device if the 
sheathing gas approach is used) for mixing gases and a heating 
chamber/condenser system for desolvating the aerosol. A Much 
simpler alternative way is to use a gas as the carrier in FI . 
Besides from being less expensive, this approach has several other 
potential advantages. In this way, a gas (such as air or N 2 ) can 
be introduced directly into the centre of the plasma, which should 
reduce the amount of Ar sampled from that region and result in a 
lower background (i.e. reduced interferences due to Ar-containing 
polyatomic species) . Since the gas is used as the carrier, no 
dispersion of the sample occurs on its way to the nebulizer, so the 
sensitivity should be at least the same as that with continuous 
aspiration. Finally, since only discrete aqueous sample plugs 
reach the plasma, the solvent load in the plasma will be reduced 
compared to continuously nebulizing aqueous solutions (but not as 
much as with desolvation) . 
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During this presentation, FI into air as the carrier will be 
characterized. In particular, the effect of critical parameters 
such as the nebulizer flow rate, the uptake rate (i.e. the 
peristaltic pump flow rate) and the size of the sample loop will be 
considered. Advantages and disadvantages at the syntem will be 
assessed. The results will demonstrate that FI into a gaseous 
carrier not only substantially reduces the solvent load in the 
plasma, leaving more energy available for ionization of the 
analytes, but also enhances ionization. The precision (using peak 
height) is also improved compared to FI in water; and the sampling 
rate can be even greater than with FI in water. 
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AUTOMATION OP A DUAL OPEN COLUMN CHROMATOGRAPHIC CLEANUP TECHNIQUE 
FOR SAMPLES CONTAINING CHLORINATED DIBENZO-p-DIOXINS AND 
DIBENZOFURANS 

K.T.Taylor*, R.S.Mercer, H.Bonek-Ociesa and E.J.Reiner 

Ontario Ministry of the Environment, Rexdale, Ontario, M9W 5L1 

A technique to automate the cleanup stage of samples analyzed for 
ultra trace levels (ppq) of chlorinated dibenzp-p-dioxins (PCDDs) 
and dibenzcf urans I PCDFs I has been researched by the Ontario 
Ministry of the Environment (MOE) . The Fluid Management System 
!FMS - Nortech Controls) replaces a manual two stage open column 
cleanup technique used in the Dioxin Unit. 

The FMS used in the Dioxin Unit at the MOE processes five samples 
unattended and automatically through a set of two columns. The 
first contains three treated silica gel packings and the second 
column contains alumina. Two fractions per sample are collected, 
the first contains polychlorinated biphenyls (PCBsl while the 
second fraction contains PCDDs and PCDFs . 

This automated system saves the chromatographer a full day in the 
sample preparation process. When done manually, the dual column 
cleanup takes two day; one day per column set with a solvent 
concentration step in-between columns. The FMS will process one 
sample extract through two columns in one hour. Samples are run in 
series, so a set of five samples takes five hours. Once all 
columns are packed and sample extracts and glassware are in place 
the system is ready to perform the cleanup unattended. 

This system has been optimized for dioxin and furan recoveries. 
These recoveries are equal to or greater than those achieved by 
manual column chromatography. No carryover has been observed 
provided column capacity has not been exceeded. 

Method 



Hand packed silica and alumina columns were placed in the positions 
shown in Figure 1. The first step in this automated cleanup was to 
wet the columns with hexane before sample addition. When this task 
was complete the sample wass taken from a roundbottom flask and 
placed on the column. After sample addition, clean hexane was 
pumped from the sovent reservoir into the roundbottom before being 
eiuted through the column. This step rinsed the roundbottom to 
help maximize surrogate recoveries. 

Once all hexane rinses passed through the columns {silica and 
alumina! the dioxins and furans were present only on the alumina. 
Any PCB interferences present were removed with the 2% 
dichloromethane(DCM) : hexane (v/v) elution of the alumina column. 
The PCDDs and PCDFs were then collected by elution with 25% 



DCM:hexane (v/v) . After collection was complete all of the common 
lines were flushed with hexane . 

All of the steps described were carried out using the FMS which has 
a microprocessor to control the valve switching as well as the 
pumping system. Once a progam had been written for each sample the 
valving control comands were saved and recalled at a later date. 

Method development was carried out by spiking clean solvent with a 
"Cu-PCDD surogate standard that had a 2,3,7,8 substituted isomer 
in each of the congener groups from tetra through to octa . The 
spiked solvent was then run through the columns as described above 
and the collected fractions were analyzed for recovery of the 
surrogate standard. initial analyses were carried out by GC-egd 
(Hewlett Packard 5890) . Some of the carryover check samples were 
run by GC-MS (Finn 4500) . 



Experimental 



An optimized mannual method was used as a baseline for setup of the 
automated method. Recoveries of the PCDDs using the automated 
method were optimized using the silica columns alone [Table 1) 
followed by the complete silica/alumina system (Table 2) 



Results and Discussion 



TABLE 1 



Percent Recovery of Spiking Solution on Silica Columns 
using FMS 



Isomer 


Volume of 


Hexane ImL) 


:. no 


160 


"CuT4CDD 


64 


88 


"CuPSCDD 


56 


73 


IS CuH6CDD 


65 


82 


n C : ;H7CDD 


67 


101 


"CuOCDD 


• i 


75 [ 



TABLE 2 Percent Recovery of Spiking Solution on Dual Columns 
using FMS 



Isomer 


Volume of 2%DCM:hexane/ 25% DCM:hexane | 


. aa/so 


20/'50 ! 


. ■:'. 20/ so 3 J 


u C, a T4CDD 


87 


103 


4 9 


' ] C ]; P5CDD 


66 


95 


56 


n C,jH6CDD 


70 


107 


44 


;, C i; H7CDD 


102 


124 


50 


1J C 1S 0CDD 


'9 


103 


48 



1 A five minute delay before elution of the alumina column was 
programed into the method to ensure all of the hexane eluted 
off the column before addition of the 2%DCM:hexane. 

2 This column set was spiked with a f lyash extract as well as 
the surrogate spike. The levels of dioxins and furans in 
the flyash were approximately 5 to 50 ng of tetra through 
octa. 

Overall the recoveries are acceptable but should be improved to 
handle high level samples more efficently. The high levels of 
dioxins and furans in the sample may have overloaded the columns. 

A carryover study was done at the same time. The fraction 
collected from the column set following the flyash extract 
contained approximately 0.1 ng of hexa through octa dioxin. This 
works out to be a Q.2% carryover. If the volume of hexane used to 
rinse to common lines is increased the carryover may be eliminated. 

Fine tuning of the method is still needed. Priliminary results 
look promising. The advantages to this system are significantly 
reduced preparation times as well as the reduced human exposure to 
highly toxic chemicals. 
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FIGURE 1 AUTOMATED CHROMATOGRAPHIC TECHNIQUE FOR ISOLATION OF CHLORINATED 
DIBENZO-p-DIOXIMS AND DIBENSOFURAKS 



OVER PRESSURE 
DETECTOR 



2* DCM:HEXANE 




PCB'S 



ALUMINA COLUMNS 



M3 M3 

SILICA COLUMNS 



AN AUTOMATED HIGH PERFORMANCE LIQUID CHROMATOGRAPHIC 

CLEANUP PROCEDURE FOR THE DETERMINATION OF CHLORINATED 

DIBENZO-P-DIOXINS AND CHLORINATED DIBENZOFUKANS 



T.M. Kolic, JC.A. MacPherson, E.J.Reiner, Ontario Ministry of Ihe Environment, Rexdale, 
Ontario and T.S. Thompson, Saskatchewan Health, Regina, Saskatchewan. 



Inirofluclinn 



The need for detection of ultra-trace levels of chlorinated dibenzo-p-dioxins (CDDs) and 
chlorinated dibenzofurans (CDFs) hits become a priority in environmental labs because of 
the possible human health concerns of the 2,,1,7,8-chlorine substituted dioxin and furan 
congeners. CDDs and CDFs occur as byproducts in the manufacturing and combustion of 
various chlorinated compounds such as chlorinated phenols (eg, pentachlorophenol, which 
was used on a large scale in fungicides and wood preservatives), phenoxy herbicides, 
dh.um.iicii diphenyi iMbi-rv and fmlychlorinaied bipbenyb(i). [Tie introduction ol these 
pollutants into our waterways from industrial sources is evident when analyzing various biota 
samples, 

CDDs and CDFs bioaccumulate readily in animal fat tissue because of their lipophilic nature 
and stable physical propcrties{2). Other chlorinated organic compounds are present in 
many samples at concentrations several orders of magnitude higher than those for CDDs 
and CDFs. To obtain acceptable detection levels, this particular analysts requires very 
sensitive and specific analytical techniques. After extraction of the analytes from the matrix, 
the bulk of the interferences are removed with an initial cleanup of the sample extract. An 
important class of interferences are chlorinated diphenyi eihers(CDPEs)(3)(4). These 
compounds fragment under electron ionization conditions in the mass spectrometer ion 
source to form ions isobaric with CDF molecular ions, producing false positive results. Low- 
resolution, high-resolulion, or tandem mass spectrometers (LRMS, HRMS, MS-MS) cannot 
distinguish the CDFs from the CDPEs. Therefore lite CDPEs must be removed prior to the 
GC/MS analysis. The Ontario Ministry of Environment (MOE) has developed a sample 
preparation procedure incorporating an automated dual column HPLC cleanup step to 
address this specific interference and this development allows the sample to be analyzed by 
LRMS techniques. 



Experimental Section 

Sample Preparation 

Twenty grains of ground and homogenized fish tissue was weighed into an Erlenmeyer flask. 
Each sample was spiked in the Oask with a surrogate standard solution containing five 2,3,7,8 
substituted l:, Ci2-labelled dioxin isomers, one from each congener group. The sample was 
then digested overnight (approximately 16 hours) in concentrated hydrochloric acid. The 
acid digested tissue was extracted with hexane and the extract was passed through a 
cylindrical funnel packed with anhydrous sodium sulphate and sulphuric acid impregnated 
silicic acid. The extract was concentrated and quantitatively transferred to a 100 uL conical 
vial and taken to dryness. The sample was then reconstituted in 150 uL of hexane and was 
ready for injection onto the HPLC system. 

Instrumentation 



The automated HPLC cleanup procedure involves the use of a column-switching step 
whereby the CDD and CDF fraction is trace-enriched from a neutral alumina HPLC column 
onto another HPLC column packed with a carbon-silica mixture. The CDDs and CDFs are 
retained on the carbon-silica column while interferences such as polychlorinated biphenyls, 
polychlorinated diphenyl ethers, and some polychlorinated napthalenes are not retained. 
The CDDs and CDFs are recovered from the carbon-silica column by backflushing the 
column with toluene. The automated HPLC system consists of the following components, 
all of which are computer-controlled: 

-Automated sample processor and injector 

- Gilson model 232-401 
-HPLC pumps (3) - Gilson model 302 piston pumps 

- only 2 are used for forward elution 

- solvent used is hexane and dichloromethane 
-Programmable HPLC pump 

- Gilson Model 305 

- solvent used is toluene 
-Ultraviolet Detector 

- Gilson Mode! 1 16 - programmable 

- Fraction collector 

- Gilson Model 202 
-Dynamic Mixer - Gilson Mode! 81 IB 
-Manometric module - Gilson model 802C 
-6-port switching valves (2) 

-HPLC columns (2) - Normal Phase Alumina, (0.46 cm ID x 25.0cm from 

Phenomenex, Torrance, CA, USA), Spherisorb with 5 
micron panicles 



- Empty Waters guard column (0.46 cm x 3.0 cm) packed in- 
house with a mixture of 5%(w/w) Amoco PX-2I carbon/ 
silicic 70-230 mesh) 

After HPLC cleanup, the samples were concentrated and quantitatively transferred to lOOuL 
conical vials. The samples were then ready to be analyzed by the following gas 
chromatography/mass spectrometry techniques. 



Gas Chromatography Ixi* Resolution Mass Spectrometry (GC/MS) 



Fifteen fish samples were analyzed using a Finnigan 4500 GC/MS. Samples were introduced 
onto a 30m DB-5 fused silica capillary column(0.25mm l.D. with 0.25um film thickness) via 
an on column injector at ambient temperature. The GC conditions were as described 
previously^). The GC effluent was directly interfaced to the mass spectrometer. The 

instrument was tuned using perfluorombutylamine(PFTBA). 

CDD's and CDF's were detected using selected ion monitoring (SIM) techniques. The ions 
monitored for the native CDDs/CDFs correspond to the three most abundant molecular 
ions. Only two ions are monitored for the 13 C 12 -Iabelled surrogate standards. Two ions are 
also monitored with each congener group for the CDPEs. 



Gas Chroma togrephy Tandem Mass Spectrometry (GC/MS/MS) 

Twenty five fish samples were analyzed using a Finnigan TSQ70 GC/MS/MS. The samples 
were injected on a 60m DB-5 column (0.25mm l.D. with 0.25 ym film thickness), through 
a splitless injector, at 300°C. The GC was programmed as follows: hold initial column 
temperature at 120°C for 1 minute, ramped at 7.5 6 C/min. to 250°C, then ramped to 300°C 
at 2.5°C/min., and hold for 10 minutes. The carrier gas was helium, at a column head 
pressure of approximately 22 PS1. As previously described(ft), the instrument was tuned 
using CDDs. 

The interferences which affect LRMS sensitivity and selectivity are those compounds which 
are co-extracted with CDDs and CDFs and are not removed in the cleanup steps. MS/MS 
can be used to distinguish CDDs and CDFs from chemical interferences by selected reaction 
monitoring (SRM) techniques. MS/MS detection consists of the mass selection of a parent 
ton in the first mass analyzer, fragmentation of this ion by collision induced dissociation(CID) 
and final detection of the daughter ion in the second mass analyzer. Interferences such as 
CDPEs can not be distinguished from CDFs by MS/MS or any other type of mass 
spectrometry because under EI conditions they fragment to form ions isobaric with CDF 
molecular ions in the ion source. 



Results and Discussion 



The automated HPLC dual column cleanup method developed at MOE was found to be 
very effective in removing interferences such as PCBs and CDPEs. The recoveries of the 
internal standards were found to be acceptable and consistent, with a 62% average 
recovery. The extract was clean enough to allow the analysis to be carried out by LRMS 
techniques. The detection limits achieved by the Finnigan 4500(LRMS) were typically 4 to 
5 PPT. Although these were good detection limits, a detection limit of 4 PPT is required 
to obtain 'Toxic equivalent" detection limits below the levels required for a warning to be 
issued in the MOE/MNR "Guide to Eating Ontario Sports Fish". The sensitivity of MS/MS 
techniques was preferred because the detection limits achieved by LRMS were too close to 
the guideline. The detection limits obtained by MS/MS analysis were typically less than 3 
PPT. 

Further development will test the applicability of this cleanup procedure to other 
environmental matrices where CDPEs and other organic interferences are problems. Future 
work will also include the determination of the active lifetime of a carbon column and 
optimize the column for maximize lifetime. 
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A STUDY OF CHEMICAL INTERFERENCES IN THE ANALYSIS OF 
N-NITROSODIMETHYLAMINE IN ENVIRONMENTAL SAMPLES. 
•V.Y. Taguchi, EJ. Reiner, D.T. Wang, J-P. Palmentier and S.W.D. Jenkins, Ontario 
Ministry of the Environment, Rexdale, Ontario, Canada M9W 5L1 

N-njtrosodimethytaminc (NDMA) is also known as dimethylnitrosamine (DMNA) and N- 
methyl-N-nitrosomethanamine. NDMA can be present as a trace contaminant in industrial 
processes and in products manufactured using dimethylamine. It may also be found in 
various foods such as cured or smoked meats, beverages such as beer and in tobacco smoke 
condensates. In addition, NDMA has been found in some ion exchange resins. NDMA 
has been found to be carcinogenic in the mouse, rat, hamster, guinea-pig, rabbit and rainbow 
trout and is a suspected human carcinogen. Because of the suspected toxicity and 
carcinogenicity of NDMA, the interim drinking water guideline has been set by the Ontario 
Ministry of the Environment (MOE) at 9 ppt, 

NDMA can be analyzed by a number of methods including gas chromatography (GC) 
followed by thermal energy analysis (TEA), low resolution mass spectrometry (LRMS) or 
high resolution mass spectrometry (HRMS). 

The sensitivity of the instrumentation is sufficient to meet the drinking water guideline. 
However, the degree of selectivity required of the detection system may be predicated by 
the degree of sample cleanup utilized. 

The sample preparation protocol developed at MOE was designed to be simple. Since 
NDMA is a neutral compound, the sample cleanup, after extraction from the matrix, is a 
partitioning scheme that removes the hasic and acidic components from the extract. A 
summary of the protocol is outlined below: 

d 6 -NDMA is added to the sample as the internal standard. Filtration is used to remove any 
particulates that may be present. After the pH is adjusted to 12 to keep the acidic 
components in the aqueous phase, the basic solution is serially extracted with 
dichloromethanc. The dichloromethane extract is washed with a sulphuric acid solution to 
remove basic components from the organic phase. The washed extract is filtered through 
granular anhydrous sodium sulphate to remove water and is then concentrated by rotary 
evaporator and a nitrogen evaporating unit. 

The sample extract contains the remaining neutral organics and no further cleanup is done 
to separate neutrals from neutrals. 

The sample extracts were analyzed by GC/LRMS and GC/HRMS. 

The mass spectrum of NDMA consists of 2 major ions, the molecular ion at m/z 74 and an 
intense fragment ion at m/z 42. Selected ion monitoring (SIM) analysis of NDMA by 
GC/LRMS was limited to a quantitation ion at m/z 74 and a single qualifying ion at m/z 42. 
The acceptable ratio of m/z 42:74 was set at +/- 20% of the ratio obtained from a 
calibration standard run on the same instrument. 



The mass resolution requirements for HRMS were determined as follows: 

The exact masses for NDMA and a common ester fragment are m/z 74.0480 (Cil-L,N 2 0) and 
m/z 74.0368 (CjH^Oj, respectively. The mass resolution required to differentiate these 
masses is 6,607 [74/(74.0480-74.0368)]. Operation of a high resolution mass spectrometer 
at 7,000 resolving power (RP) allows NDMA lo be differentiated from chemical 
interferences such as C 3 H,,0 2 . 

On a single quadrupole mass spectrometer, which is restricted to low resolution mass 
spectrometry (LRMS), ions having the empirical formulae C,H,,NX> and CjH^Oj are 
indistinguishable from each other because they both have m/z = 74. Therefore qualifying 
ion(s) must be used and the ratio of the qualifying ion to the quantitation ion must be within 
acceptable limits. 

On a high resolution mass spectrometer, single ion monitoring of the accurate mass 

m/z 74.0480 provides sufficient selectivity to distinguish NDMA from chemical interferences. 

Instrumental conditions were as follows: 



GC/LRMS 



GC/HRMS 



GC 
MS 

Column 

Electron energy 
Ions monitored 



HP5890 

VG Trio-2 or HP 5970 MSD 

DB-1701 (30 m) 

70 eV 

m/z 42, 74 (NDMA) 
m/z 46, 80 (d 6 -NDMA) 



Varian 6000 
VG ZAB-2F 

DB-1701 (30 m) 

70 eV 

m/z 74.0480 (NDMA) 

m/z 80.0857 (d 6 -NDMA) 

m/z 68.9952 (PFTBA)(lockmass) 



Analyses of drinking water samples were undertaken. A comparison of analyses of drinking 
water extracts is shown in the following table: 

LRMS vs HRMS Data (tig/L) 



Sample 


LRMS-A 


LRMS-M 


IIRM 


i. 


0.025 


0.016 


0.019 


2. 


0.023 


0.015 


0.012 


3. 


0.017 


0.011 


0.01! 


4. 


— 


0.011 


0.013 


5. 


— 


0.034 


0.019 



A = automatic areas 
M = manual areas 



These data demonstrate that: 

(!) automatic areas are dependent on the peak/baseline detection parameters chosen 
and the peak widths of overlapping interferences; peak areas may have to be 
determined manually (compare samples 1-3). 

(2) neutral chemical interferences in drinking water samples co-el ule with NDMA. 

(3) confirmation by HRMS may be required. 

Further studies included other matrices as shown in the following table: 

1.RMS v S HRMS Data (ug/L) 
Sample LRMS HRMS 



I. 


Spiked HPLC-grade water 


0.49* 


0.42 


2. 


STP influent 


0.43 


0.40 


3. 


STP influent 


0.11* 


0.02 


4. 


STP influent 


0.20* 


0.24 


5. 


Groundwater 


ND 


0.09 


6. 


Groundwater 


1600* 


170 


7. 


Industrial effluent 


0.37* 


0.26 



* interference (incorrect ratio of m/z 42:74) 
ND ■» not detected (no peak) 

These data demonstrate that: 

(1) neutral chemical interferences in other matrices co-elute with NMDA. 

(2) confirmation or analysis by HRMS may be required. 

Full scan GC/LRMS of a groundwater (sample 6) was undertaken to identify some of the 
neutral chemical interferences. 

Chlorobcnzene, ethylbenzene and xylenes were found to be present. Chlorobenzene and 
t-thyibenzene co-elute with NDMA and d 6 -NDMA. The irylenes etute after NDMA bin can 
co-elute if present in sufficient concentrations. 

These compounds have minor ions at m/z 74 and will interfere with the m/z 74 of NDMA. 
The mass resolution required to differentiate them from NDMA is 2,285. Operation of the 
HRMS at 7,0(X) RP is sufficient for this differentiation. 



With the present level of sample cleanup, the ratio of m/z 42:74 that is used as a criterion 
for positive identification of NDMA by LRMS is of limited utility because it is frequently 
outside of the +/- 20% window even in relatively clean samples such as drinking water or 
laboratory procedure blanks. In some cases, this is due to interferences at m/z 42. 
However, interferences can also be detected at m/z 74 or m/z 80. In these cases, the 
quantitation will be adversely affected. For LRMS to be a viable technique, a more rigorous 
sample cleanup (separation of neutrals from neutrals) and possibly better chromatography 
are necessary. 

Single ion monitoring by LRMS does not afford sufficient selectivity for a positive 
identification of NDMA. Therefore, a protocol that utilizes a minimum number of sample 
preparation steps requires confirmation, or analysis by HRMS for positive identification and 
accurate quantitation. 
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A Turn-Key FTIR System for the Analysis 
of Gas Phase Poly chlorinated Biphenyls 

Jaleh Semmler. Paul Yang and George Crawford, Trace Organics Section, Labora- 
tory Services Branch, Ontario Ministry of the Environment, Rexdale, Ontario, 
M9W 5L1 

Abstract 

A tum-key gas phase polychlorinated biphenyl analysis system has been 
developed using Fourier transform infrared spectrometry, artificial intelligence 
assisted library searching and an automated infrared interpreter. Vapor phase 
infrared spectra of 37 PCB isomers have been measured and used to define the 
interpretation rules. The library search algorithm and the infrared interpreter lake 
advantage of the portability, computing power and mass data storage capability of 
PC/DOS systems and is demonstrated to be a cost effective tool to ensure consis- 
tent data interpretation. This tum-key system allows for rapid identification of 
complex PCB mixtures with elucidation of contributing PCB congeners. 

Introduction 

An automated infrared interpreter (PAIRS *) was developed on an IBM per- 
sonal computer (PC) running under the Microsoft disk operating system (DOS). 
Details of this program and its application for the analysis of oils and greases is 
given elsewhere (1 ). Briefly stated, PAIRS * combines both artificial intelligence 
and library search capabilities to interpret the infrared spectra measured with a 
wide variety of spectrophtometers. The library search subprogram uses five main 
algorithms: absolute difference (AB); square of absolute difference (SQ); absolute 
difference of first derivative (AD); square of difference of first derivative (SD) and 
time domain cross correlation (FT). A sixth additional algorithm, the combined 
algorithm (CO) was developed combining the library search results from the first 
five algorithms resulting in a higher confidence level for the reported data. 



An artificial intelligence approach to gas phase PCB analysis in PAIRS * has 
been devised which can identify different types of chlorinated benzene rings based 
an the position, intensity and full width at half maximum (FWHM) of the infrared 
bands in the spectrum. These information have been obtained from the spectra of 
37 PCB isomers that we have measured. With the combination of a suitable GC 
column, appropriate GC experimental conditions and this program it may be possi- 
ble to identify all 209 PCB isomers which may be present in the sample. 

Experimental 

Solutions of 37 individual PCB isomers ( Ultra Scientific, Wellington, CIL) 
were prepared in iso-octane with an initial concentration of between 100-150 ppm. 
Table 1 gives the list of these PCB isomers. Solutions were further concentrated if 
the S/N ratio of the infrared spectrum was less than 5. A Nicolet 5SX (Madison, 
WI) FT-1R spectrometer equipped with an air cooled nichrome wire source and a 
medium range cryogenic HgCdTe detector (cut-off frequency at about 600 cm'') 
was used to measure the GC/FT-IR spectra. The gas chromatograph used was a 
Hewlett-Packard 589*) (Palo Alto, CA) equipped with an on column injector, a 
wide bore column (cross-linked methyl Silicon Gum, 25 m x 0.32 mm i.d. x 1.0 
micrometer film thickness) and a flame ionization detector. The starting tempera- 
lure on GC for di-, tri-, and tetra- isomers was set at 200 "C and for penta- and 
hexa- isomers it was set at 210 "C. An initial hold time of 0.5 minute on GC was 
used and temperature was ramped at a rate of 3 "C/rnin to 270 "C. The injector 
temperature was set at 250 °C. The dimensions of the light pipe used were 1 2 cm x 



:.'i 



0.1 cm and was operated at 270 °C throughout the experiment. Interferograms 
were collected at a sampling rate of 50 kHz, obtaining infrared spectra with 8 cm ' 
resolution. The Gram-Schmidt orthogonal izat ion algorithm (2) was used to recon- 
struct gas chromatograph from the interferograms and the infrared spectra. 

Results and Discussion 

The structure of each polychlorinated biphenyl consist of two benzene rings 
in which one to ten hydrogen atoms can be substituted by chlorine atoms. Substi- 
tution of these chlorines will give rise to eighteen (including a benzene group for 
PCBs with one unsubstiruted ring) different types of chlorinated benzene rings. 
For example when one chlorine atom is present in the structure of the PCB, three 
different isomers i.e., 2-mono, 3-mono, and 4-mono biphenyls are possible. When 
two chlorines are present, 6 different isomers i.e., 2,3-di, 2,4-di, 2,5-di, 2,6-di, 
3,4-di and 3,5-di are possible etc. These eighteen types of substitutions give rise to 
different infrared bands in the spectral region 600 to 2100 cm' 1 . Figure 1 illustrates 
the spectra for three of the 37 isomers. Using the 37 spectra, the characteristic 
infrared bands for each type were identified. The eighteen types of substitution 
and the characteristic infrared bands are given in Table 2. For each infrared band 
the averaged normalized intensity and the averaged estimated FWHM are given in 
the parenthesis. Each PCB isomer is a binary combination of any of these eighteen 
groups. For some groups the characteristic bands overlap, but at least one band for 
each group can be identified which is unique to that group. 
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Fig. 1. Infrared gas phase spectrum of three PCB isomers. 

Using the information given in Table 2, a program was written to interpret the 
data and identify the PCBs. This program requires three sets of information: 1) the 
spectra] region of the bands pertinent to each group of PCB isomers where the 
algorithm will allow for the variations due to the types and the interaction between 
the two benzene rings, 2) a normalized intensity range from 1 to 10 where the 
bands will be considered as "weak" for the intensities in the range 1-2, "medium" 
between 3-6 and "strong" for the intensities between 7-10 and 3) an allowable 
range for the variation in the full width at half maximum (FWHM) of the bands 



727 



which will classify the bands as "sharp" for FWHM < 15 cm' 1 , "medium" for 
FWHM of 15-30 cm' 1 and "wide" for FWHM > 30 cm" 1 . These information have 
been obtained from the analysis of the 37 vapor phase spectra of PCBs (see Table 
2) and can be modified and/or changed in the program as required. 

Conclusion 

Gas phase infrared spectra of 37 PCB isomers have been measured and ana- 
lyzed. The information obtained from these spectra are used in the elucidation of 
PCBs. Since these 37 isomers represent all the possible eighteen different types of 
substituted benzene rings in the poiychlorinated bipheny! structure, it may be used 
to identify all 209 possible PCB isomers. This technique offers the possibility of 
direct environmental analysis by remote sensing and the potential for simplified 
analytical methodology through elimination of clean-up steps. 
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Table 1- List of PCB isomers measured 



Dichlorobiphenyls 



1)2,2' 
2) 2,4' 

Trichlorohiphenyls 



3) 2,2\5 

4) 2,3,4 

5) 2\3,4 
6)2,3',5 

7) 2,4,4' 

8) 2,4,5 
9} 2,4\5 

Tetrachlorobiphenyls 

10) 2,2*3,4" 
1 1)2.2', 4,4* 
12) 2,2*, 3,5 
13)2,2',3,5* 
14) 2,2". 4.6 
15)2.2".5,5' 
16)2,2",5,6' 
17)2,3,3',4 
18)2,3,4,4' 



19)2,3',4.4' 

20) 2,3,4,5 

21)2*.3,4,5 

22)2,3*,4',5 

23)2,3*^,5' 

24) 2,4,4*,6 

25)2,3,5,6 

26) 3,3 ',4,4' 

Pentachlorobiphenyls 

27) 2,2',3,3',4 

28) 2.2'3,4,4• 

29) 2,2\3".4,5 

30) 2,2' ,3,43' 
31)2,2',4,5,6 

32) 2,3.4,5,6 

33) 2,3,4,4\5 

34) 2'3,4,4*,5 

Hexachlorobiphenyls 

35) 2.2',3,3',4,4' 
36)2.2',3,3*,4,5 

37)2,2*,3,3*,5,6 



nc 



Table 2- Characteristic infrared bands for different types of 
substituted benzene rings. 

Type of Substitution Characteristic ir band(s) 



2 751(8U 7"), 1038(4.18) 

3 740(5.15). 783(4,19) 

4 823(5,22), 1012(3.16). 1094(8,19) 

2.3 726(5,20). 1409(7,21) 

2.4 821(6.18), 869(2.20), 1 1 03(6, 1 8 ) 

2.5 815(6,18), 1097(8,24), 1376(3,20) 

2.6 783(9,27) 

3.4 1035(6,22), 1134(6,24) 

3.5 806(7,23), 1099(6,15), 1562(10,11) 

2.3.4 784(5, 21), 817(4,19), 1174(4.21). 

1358(4, 23) 

2.3.5 1034(8,23), 1095(9.30) 

2.4.5 886(4.20), 1045(4,28), 1091(4,23), 

1139(4,23) 

2.4.6 838(8.18), 1543(6,23), 1577(7,26) 
3,4.5 810(5.19). 876(2,19) 

2.3.4.5 1179(4,23), 1342(6,23) 

2.3.5.6 1062(8,20,1388(10,31) 
2,3,4.5.6 1323(7,27), 1377(6,19) 
Benzene ring 699(7,22) 



* Intensity on the scale of 1 to 10, 1 being weakest and 10 being the strongest peak. 
" Full Width at Half Maximum (FWHM). 
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